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57) Abstracl: Abody flu.d sampling syslem is provided for use on a .issue 
sue. In one embocbmenl, .he syslem comprises a cartridge; a pene.ratins 
member dnver a plurality of peneuahng members „ 
figuxauon on ,he cartridge wherein sharpened distal tipsof the pene .rating 
members po,n. radrally ou.warf; wherein an active one of the pene.ra,inf 

Z^n^T'^ °° UPled '° ' he -""-^ve, .he 

Pwnuns member driver movrng lh e active one along apart, ool of a hous- 
ing having a penetrating member exit, into the tissue site, stopping in the 
Moe s,.e. and wthdrawing o». of the tissue site; and-a pi»ra% of ana.ytl 
d?^.mg m^bers. wherein a, leas, one of the analyte detecting members 
« poswoned to receive fluid Trom a wound crea.ed by lhe active one of .he 
penetraung members, wherein the delecting members are not pierced by 
the active one of lhe penetrating members. 
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BACKGROUND OF THE INVENTION 

Lancing devices are known in the medical health-care products indusby for 
Piercmg the skin to produce blood for analysis. Typically, a drop of blood for this type of 
analysis is obtained by making a smaU incision in the fingertip, creating a small wound 
10 which generates a small blood droplet on the surface of the skin. 

Early methods of lancing included piercing or slicing the skin with a needle or 
razor. Current methods utilize lancing devices that contain a multitude of spring, cam ar-d 
mass actuators to drive the lancet These include cantilever springs, diaphragms, coi, . 
spnngs.asweUasgraviryplumbsusedtodrivethelancet. The device may be held 
5 against the skin and mechanically triggered to ballistically launch the lancet 

. Unfortunately, the pain associated with each lancing event using known technology 

d.courages patients from testing, m addition to vibratory stimulation of the skin as the 
dnver mp!lcts &e md of a ^ ^ ^ ^ ^ ^ ^ ^ ^ 

offi ™el--tsthat^^ 

stnkes due to recoil. This recoil and multiple strikes of the l ancet is one major 
imped.ment to patient compliance with a structured glucose monitoring regime. 

Another impediment to patient compliance is the lack of spontaneous blood flow 
generated by known lancing technology. In addition to the pain as discussed above a 
pahent may need more than one lancing event to obtain a blood sample since spontaneous 
blood genmtion is ur* e Hab^^ Thusthepainis 
mulnphed by the number of attempts required by a patient to successfully generate 
spontaneous blood flow. Different skin thickness may yield different results in terms of 
pam perception, blood yield and success rate of obtaining blood between different users ■ 
of the lancing device. Known devices poorly account for these sldn thickness variations. 

A still further impediment to improved compliance with glucose monitoring are 
the many steps and inconvenience associated with each lancing event. Manydiabetic 
patients that are insulin dependent may need to self-test for blood glucose levels five to 
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six times daily. The large number of steps required in traditional methods of glucose 
testing, ranging from lancing, to milking of blood, applying blood to a test strip, and 
getting the measurements from the test strip, discourages many diabetic patients from 
testing their blood glucose levels as often as recommended. Older patients and those with 
5 deteriorating motor skills encounter difficulty loading lancets into launcher devices^ 
transferring blood onto a test strip, or inserting thin test strips into slots on glucose 
measurement meters. Additionally, the wound channel left on the patient by known 
systems may also be of a size that discourages those who are active with their hands or 
who are worried about healing of those wound channels from testing their glucose levels. 

10 

r 

SUMMARY i iui* EN v jmN i lON 
The present invention provides solutions for at least some of the drawbacks 
discussed above. Specifically, some embodiments of the present invention provide a 
multiple lancet solution to measuring analyte levels in the body. The invention may use a 

1 5 high density design. The invention may provide a plurality of anafyte detecting members 
used to sample fluid from tissue. At least some of these and other objectives described 
herein will be met by embodiments of the present invention. 

Li one aspect of the present invention, a body fluid sampling system is provided 
for use on a tissue site. In one embodiment, the system comprises a cartridge; a 

20 penetrating member driver; a plurality of penetrating members arranged in a radial 

configuration on the cartridge wherein sharpened distal tips of the penetrating members 
point radially outward; wherein an active one of the penetrating members may be 
operatively coupled to the penetrating member driver, the penetrating member driver 
moving the active one along a path out of a housing having a penetrating member exit, 

25 into the tissue site, stopping in the tissue site, and withdrawing out of the tissue site; and a 
plurality of analyte detecting members, wherein at least one of the analyte detecting 
members is positioned to receive fluid from a wound created by the active one of the 
penetrating members, wherein the detecting members are not pierced by the active one of 
the penetrating members. - 

30 h?one embodiment of the present invention, a body fluid sampling system for use 

on a tissue site is provided. The system comprises a cartridge; a penetrating member 
driver, a plurality of penetrating members, each having a proximal end, an elongate 
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port-on, and a sharpened disial end, the members ^ in . radiaI ^ 
c^ndge wherein sharpened distal tip, of the penetrating members point radi ally outward- 
wherem an active one of the penetrating members may be operative* coupled to the ' 
penetrating member driver, the penetrating member driver moving the active one along a 
path out of a housing having a penefrating member exit, into the tissue site, stopping in 
the tissue site, and withdrawing out of the tissue site; and a plurality of analyte detecting 
members, wherein at least one. of the analyte detecting member, is positioned to receive 
ihnd from a wound created by the active one of the penetrating members; wherern the 
unused analvte detecting members are arranged in , stack, the penetrating member driver 
10. configured to be controlled to follow a velocity trajectory into the tissue and out of the 

speed of the penetrating member on the withdrawal. 

In another embodiment of the present invention, a body fluid sampling system for 
jeona^^^^ Ine system comprises a cartridge; a penetrating rnember 
dnver, a plurality of penetrating members arranged in a radial configuration on the 
cartndge wherein sharpened distal tips of the penetrating members point radially outward- 
wherem an active ope of the penetrating members may be operatively coupled to the 
penetrating member driver, the penetrating member driver moving the active one along a 
path out of a housing having a penetrating member exit, into the tissue site, stopping in 

^embers, wherein at least one of the analyte detecting members is positioned to receive 
tod from a wound created by the active one of the penetrating members, wherein the 
detecting members are not pierced by the active one of the penetrating members; a 
posmon sensor positioned to provide an indication of a position of the penetrating 
25 member during actuation. 

fe y*™»-embod^ 
for use on a tissue site is provided. The system comprises a cartridge; a penetrating 
member driver, a plurality of P ene4ratin g members arranged in a radial configuration on 
the ^ d ^remshar^ 

outward;^herein an active one of the penetrating members may be operatively coupled 
to the penetrating member driver, thepenefrating member driver moving the active one 
along a path out of a housing having a penetrating member exit, into the tissue site 
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stopping in the tissue site, and withdrawing out of the tissue site; aoid a plurality of 
analyte detecting members, wherein at least one of the analyte detecting members is 
positioned to receive fluid from a wound created by the active one of the penetrating 
members, wherein the detecting members are not pierced by the active one of the 
penetrating members; a coupler on the penetrating member driver configured to engage at 
least a portion of the elongate portion of the penetrating member and drive the member 
along a path into a tissue site and withdrawn from a tissue site. 

In a still further another embodiment of the present invention, a body fluid 
sampling system for use on a tissue site is provided. The system comprises a cartridge; a 
penetrating member driver, a plurality of penetrating members arranged in a radial 
configuration on the cartridge wherein sharpened distal tips of the penetrating members 
point radially outward; wherein an active one of the penetrating members may be 
operatively coupled to the penetrating member driver, the penetrating member driver 
moving the active one along a path out of a housing having a penetrating member exit, 
into the tissue site, stopping in the tissue site, and wimdrawing out of the tissue site; and a 
plurality of analyte detecting members, wherein at least one of the analyte detecting 
members is positioned to receive fluid from a wound created by tfcie active one of the 
penetrating members, wherein the detecting members are not pierced by the active one of 
the penetrating members; a sterility enclosure covering at least a tip of the penetrating 
member, the sterility enclosure removed from the penetrating member prior to actuation 
of the member and positioned so that the penetrating member will not contact the. 

enclosure during actuation. 

In another embodiment of the present invention, a body fluid sampling system for 
use on a tissue site is provided. The system comprises a cartridge ; a penetrating member 
driver, a plurality of penetrating members arranged in a radial corxfiguration on the 
cartridge wherein sharpened distal tips of the penetrating members point radially outward; 
wherein an active one of the penetrating members may be operatively coupled to the 
penetrating member driver, the penetrating member driver moving the active one along a. 
path out of a housing having a penetrating member exit, into the tissue site, stopping in 
the tissue sit©, and withdrawing out of the tissue site; and a plurality of analyte detecting 
members, wherein at least one of the analyte detecting members is positioned to receive 
fluid from a wound created by the active one of the penetrating members, wherein the 
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interface for transmitting at least one input between a user. 

In one aspect body fluid sampling device is provided usiag a penetrating 
^to^ftaditan^.^ w n,e device copses apenetrating 
5 -^-ctuatorformovingthepene^tmgmemberinboundtowaxds^ 

feature and a non-spring based, penetrating member retractor for moving the penetrating 
member outbound away from the anatomical feature. The penetrating member actuator 
may be adapted to move the penetrating member at a velocity greater than a velocity 
achieved by the penetrating member retractor. 
> In another embodiment of the present invention/a body ^ fluid sampling device is 

proved for extracting bodily fluid from an anatomical feature. The device comprises a 
cartndge having a plurali^ 

penetranngmembe^ea^^ 

pos lt ,on to extend outward from the cartridge to penetrate the anatomical feature The 
dev 1C e may further include a penetrating member ^ stnictured ^ ^ 
independently engage the penetrating members, the driver com prising a fet resilient 
member for moving an active one of the penetrating members on a* inbound path toward 
the anatomical feature to create a wound, and a second resilient member for moving the 
active one of the penetrating member on an outbound path away from thewound 

In yet another embodiment, a body fluid sampling device is provided using a 
penetrating member to extract fluid from an anatomical feature, lire device comprises a 
penet^gmmberoriy^^^ amotorand 

gearbox.ananomuscle.pneumaticdevice.aliqmdmagneticcoilactuationdevice a 
stepper m otor,armWlutchdevice,andanmductive m otor. The device may also 
include a penetrating coupler attached to the driver, the coupler for releasably connecting 

the penetrating member to the driver. 

of the penetrating members. 

The system may further comprise a penetrating member sensor positioned to 
momtor a penetrating member coupled to the force generator, the penetrating member 
sensor configured to provide information relative to a depth of penetration of a 
penetrating member through a skin surface. * 
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The depth of penetration may be about 100 to 2500 microns. 
The depth of penetration may be about 500 to 750 microns. 
The depth of penetration may be, in this nonlimiting example, no more than about 
1000 microns beyond a stratum corneum thickness of a. skin surface. 
5 The depth of penetration may be no more than about 5Q0 microns beyond a 

stratum corneum thickness of a skin surface. 

The depth of penetration may be no more than about 300 microns beyond a 

stratum comeum thickness of a skin surface. 

The depth of penetration may be less than a sum of a stratum comeum thickness 

10 of a skin surface and 400 microns. 

The penetrating member sensor may oe runner cpiiS 6 ui~i — ty. - - 

penetrating member. 

The active penetrating member may move along a substantially linear path into 

the tissue. 

The active penetrating member may move along an at least partially curved path 

into the tissue. 

The driver may be a voice coil drive force generator. 
The driver may be a rotary voice coil drive force generator. 

The penetrating member sensor may be coupled to a processor with control 

20 instructions for the penetrating member driver. 

The processor may include a memory for storage and retrieval of a set of 

penetrating member profiles utilized with the penetrating member driver. 

Theprocessormaybeurili^ . 
member as the penetrating member moves in a first direction. 

25 Thepmcessormaybeu^ 

member to achieve a desired speed of the penetrating member. 

ThepmcessormaybeunlizedtoadjustanappHcanonofforcetoapene 
member when the penetrating member contacts a target tissue so that the penetratmg 
member penetrates the target tissue within a desired range of speed. 
30 ■ ThepWormaybeutilizedtomomtorpos^ 

- memb ef as the penetrating member moves in the first direction toward a target tissue, 
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based on pos,t,on and speed of the penetrating member. 

Theprocessor may be utilized to control a withdraw force to the penetratin, 
5 ^T^P^^^i.*^^^^ 

thetorgafes.e. "^S^^inoves away Son, 

m the iirsl direction may be about 1 00 to about i 000 limes greate ttm a e average 
Water,, by «„. to me remairmtg portio,, of fc ^ 



:o 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure lis a perspective view illustrating a system ac CO Min„ ln , 
- » piercing ,. obtain a btood saropie! " " " 

lb™ ^f '*"'"'*!""^^^^^ 

formmgpart of the system; '. tonnage 

Figure 3 is a cross-sectional end view on 3-3 in Figure 2; 
Figure 4 is a cross-sectional end view on 4-4 in Figure 2- 

formarnW ' " """*"*" ^ ^ ^ -d »ed 
* compote*, of me cartridg, 1-^^,^ 

member accelerator in a downward direction; - 
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Figure 6B is a cross-sectional side view illustrating how the penetrating member 
accelerator allows for the cartridge to be advanced; 

Figure 7A and 7B are views similar to Figures 6A. and 6B, respectively, 
illustrating pivoting of the penetrating member accelerator in an opposite direction to 
5 engage with a select one of the penetrating members in the cartridge; 

Figures 8A and 8B are views similar to Figures 7 A and 7B, respectively, 
illustrating bow the penetrating member accelerator moves the selected penetrating 

member to pierce skin; 

Figures 9 A and 9B are views similar to Figures 8 A and 8B, respectively, 
10 . illustrating how the penetrating member accelerator returns the penetrating member to its 
original position; 

Figure 1 0 is a block diagram illustrating functional components of the apparatus; 

and 

Figure 11 is an end view illustrating a cartridge according to an optional 
15 embodiment mat allows for better adhesion of sterilization barriers. 

Figure 12 is a cross-sectional view of an embodiment having features of the 
invention. 

Figure 13 is a cross-sectional view of an embodiment having features of the 
invention in operation. 

20 Figure 14 is a cross-sectional view illustrating a low-friction coating applied to 

one penetrating member contact surface. 

Figure 15 is a cross-sectional view illustrating a coating applied to one penetrating 
member contact surface which increases friction and improves the microscopic contact 
area between the penetrating member and the penetrating member contact surface. 
25 Figure 16illustrates a portion of a penetrating member cartridge having an annular 

configuration with a plurality of radially oriented penetrating member slots and a distal 
edge of a drive member disposed in one of the penetrating member slots. 

Figure 17 is an elevational view m partial longitudinal section of a coated 
penetrating member in contact with a coated penetrating member contact surface. 
30 Figure 1 8 illustrates an embodiment of a lancing device having features of the 

invention. 
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Figure 19 is a perspective view of a portion of a penetrating member cartridge 
base plate having a plurality of penetrating member slots and drive member guide slots 
disposed radially inward of and aligned with the penetrating member slots. 

Figures 20-22 illustrate a penetrating member cartridge in section, a drive 
5 member, a penetrating member and the tip of a patient's finger during three sequential 
phases of a lancing cycle. 

Figure 23 illustrates an embodiment of a penetrating member cartridge having 
features of the invention. 

Figure 24 is an exploded view of a portion of the penetrating member cartridge of 
10 Figure 12. 

Figures 25 and 26 illustrate a multiple layer sterility barrier disposed over a 
penetrating member slot being penetrated by the distal end of a penetrating member 
during a lancing cycle. 

Figures 27 and 28 illustrate an embodiment of a drive member coupled to a driver 
wherein the drive member includes a cutting member having a sharpened edge which is 
configured to cut through a sterility barrier of a penetrating member slot during a lancing 
cycle in order for the drive member to make contact with the penetrating member. 

Figures 29 and 30 illustrate an embodiment of a penetrating member slot in 
longitudinal section having a ramped portion disposed at a distal end of the penetrating 
member slot and a drive member with a cutting edge at a distal end thereof for cutting 
through a sterility barrier dining a lancing cycle. 

Figures 3 1 -34 illustrate drive member slots in a penetrating member cartridge 
wherein at least a portion of the drive member slots have a tapered opening which is 
larger in transverse dimension at the top of the drive member slot than at the bottom of 
5 the drive member slot. 

Figures 35-37 illustrate an emtodiment of a penetrating member cartridge and 
penetrating member drive member wherein the penetrating member drive member has a 
contoured jaws configured to grip a penetrating member shaft 

Figures 38 and 39 show a portion of a lancing device having a lid that can be 
opened to* expose a penetrating member cartridge cavity for removal of a used penetrating 
member cartridge and insertion of a new penetrating member cartridge. " 
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Figures 40 and 41 illustrate a penetrating member cartridge that has penetrating 
member slots on both sides. 

Figures 42-44 illustrate end and perspective views of a penetrating member 
cartridge having a plurality of penetrating member slots formed from a corrugated surface 
5 of the penetrating member cartridge. 

Figures 45-48 illustrate embodiments of a penetrating member and drive member 
wherein the penetrating member has a slotted shaft and the drive member has a 
protuberance configured to mate with the slot in the penetrating member shaft 

Figure 49 is a perspective view of a cartridge according to the present invention. 
10 Figures 50 and 51 show close-ups of outer peripheries various cartridges. 

Figure 52 is a perspective view of an underside of a cartridge. 
Figure 53 A shows a top down view of a cartridge and the punch and pusher 
devices. 

Figure 53B is a perspective view of one embodiment of a punch plate. 
1 5 Figures 54A-54G show a sequence of motion for the punch plate, the cartridge, 

and the cartridge pusher. 

Figures 55A-55B show cross-sections of the system according to the present 

invention. 

Figure 56 A shows a perspective view of the system according to the present 
20 invention. 

Figures 56B-56D are cut-away views showing mechanisms within the present 
invention. 

Figures 57-65B show optional embodiments according to the present invention. 
Figure 66-68 shows a stitt further embodiment of a cartridge according to the 

25 present invention. 

Figures 69A-69L show the sequence of motions associated with an optional 
embodiment of a cartridge according to the present invention. 

Figure 70-72 show views of a sample modules used with still further embodiments 
of a cartridge according to the present invention. 
30 Figure^ shows a cartridge with a sterility barrier and an analyte detecting 

member layer. 
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Figure 74-78 show still further embodiments of analyte detecting members 
coupled to a cartridge. 

Figures 79-84 show optional configurations for a cartridge for use with the present 
invention. 

Figure 85 shows a see-through view of one embodiment of a system according to 
the present invention. 

Figure 86 is a schematic of an optional embodiment of a system according to the 
present invention. 

Figures 87A-87B show still further embodiments of cartridges according to the 
10 present invention. 

Figure 88 shows a cartridge having an array of analyte detecting members. 

Figures 89-90 show embodiments of illumination systems for use with the present 

invention. 

Figures 91-96 show further embodiments using optical methods for analyte 
15 detection. 

Figure 97 shows a chart of varying penetrating member velocity in different parts 

of the tissue. 

Figures 98 and 99 show schematic views of penetrating member drivers according 
to the present invention. 

'0 Figure 100 shows a penetrating member driver according to the present invention 

for use with a cartridge containing a plurality of penetrating members. 

Figures 101 and 102 show a penetrating member driver using a magnetically 
controllable fluid device. 

' ' . Figures. 103-104 show embodiments of an improved penetrating member. 
* Figures 105-109 shows a penetrating member driver using a spring and a non- 

spring based retractor device. 

Figure 1 10 shows an embodiment of a damper according to the present invention. 
Figures '1 1 1-1 16 shows a cartridge and a penetrating member driver according to 
the present invention. 

Figures 1 17 and 1 1 8 show penetrating member drivers according to the present 
invention. 



Figures 119-120 show a depth setting device according to the present 



invention. 
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Figure 121 shows a cam groove according to the present invention. 
Figures 122-124 show various penetrating member devices according to the 

present invention. 

Figures 1 25 A- 1 25B show kits according to the present invention. 
5 Figures 126-129 show embodiments of the present invention according to the 

present invention using a test strip. 

Figure 130 shows one embodiment of a cartridge according to the present 

invention. 

Figures 1 3 1 and 1 32 shows a top down view and side view of another 
10 embodiment according to the present invention. 

Figures 133 and 135 show a still further embodiment of a cartridge according to 

the present invention. 

Figure 136 shows a penetrating member device used with a stack of analyte 

detecting members. . 
15 Figure 137 shows one embodiment of a voice coil based actuator. 

Figure 138 shows another embodiment of a voice coil based actuator. 
Figure 139 shows another embodiment of a voice coil based actuator. 
Figure 140 shows an embodiment of a voice coil based actuator with a shaped 

core. 

20 Figure 141 illustrates a displacement over time profile of a penetrating member 

driven by a harmonic spring/mass system. 

Figure 1 42 illustrates the velocity over time profile of a penetrating member driver 

by a harmonic spring/mass system. 

Figure 143 illustrates a displacement over time profile of an embodiment of a 

25 controllable force driver. 

Figure 144 illustrates a velocity over time profile of an embodiment of a 

controllable force driver. 

Figure 145 is a graph of force vs. time during the advancement and retraction of a 
penetrating member showing some characteristic phases of a lancing cycle. - 
30 Figure 146 is a graph showing displacement of a penetrating member over time. 
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dumgretrachon of the penetrating member: * 
148 is a graphical „p,ese.ta„o„ ^ ^ ^ _ ^ 

Figure a SrapWcal representation of velocity vs. position of a lancing cycle 

DKCRimoNOFlTOSPEOHCEMBODIMEms 
bodv „ "T T U ™ 6 °° ^ ' m^ber sohtfon fo, 

—pi. analyte ^^.^^^ » ■ . — 

^ " ^inven^mavp^nnp^cd 
me,b ' , ™ b <><ii»>".Boflhep ra enti ln ,e M i OT . . "will be 

*-Mh. sn.gofcrfon.s -,, w ^ pto| ^ ^ 

toes othe^ise. nos , f„ ^ „ fraic? to „ a ^ 

to the orient that they conflict with teachings explicitly set forth in this specification 
„ m h ^^^^ 

numberof^enns which shall be defined to have the following meanings* 

"Option,,- „, -.pn^,,,,. monJS ^ ^ _ 

may ormay no, oe„, „ to , , he ^ m ^ ^ ^ ^ 
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occurs and instances where it does not. For example, if a device optionally contains a 
feature for analyzing a blood sample, this means that the analysis feature may or may not 
be present, and, thus, the description includes structures wherein a device possesses the 
analysis feature and structures wherein theanarysis feature is not present. 
5 "Analyte detecting member" refers to any use, singly or in combination, of 

chemical test reagents and methods, electrical test circuits and methods, physical test 
components and methods, optical test components and methods, and biological test 
reagents and methods to yield information about a blood sample. Such methods are well 
known in the art and may be based on teachings of, e.g. Tietz Textbook of Clinical 
10 raennstry, 3d Ed., Sec. V, pp. 776-78 

Compaay, tfhilaaejpnia, iwyy, u.!>.rauiiu.j^;,ui' ^ 

1999); U.S. Pat. No. 5,059,394 to Phillips et al. (Oct 22, 1991); U.S. Pat. No. 5,001,054 
to Wagner et al. (Mar. 19, 1991); and U.S. Pat. No. 4,392,933 to Nakamura et al. (July 12, 
1983), the teachings of which are hereby incorporated by reference, as well as others. 
1 5 Analyte detecting member may include tests in the sample test chamber that test 

electrochemical properties of the blood, or they may include optical means for sensing 
optical properties of the blood (e.g. oxygen saturation level), or they may incluae 
biochemical reagents (e.g. antibodies) to sense properties (e.g. presence of antigens) of 
the blood. The analyte detecting member may comprise biosensing or reagent material 
20 that will react with an analyte in blood (e.g. glucose) or other body fluid so that an 
appropriate signal correlating with the presence of the analyte is generated and can be 
read by the reader apparatus. By way of example and not limitation, analyte detecting 
member may be ''associated with", "mounted within", or "coupled to" a chamber or other 
structure when the analyte detecting member participates in the function of providing an 
25 appropriate signal about the blood sample to the reader device. Analyte detecting 
member may also include nanowire analyte detecting members as described herein. 
Analyte detecting member may use any, singly or in combination, potentiometric, 
coulometric, or other method useful for detection of analyte levels. 

Figures 1-1 1 of the accompanying drawings illustrates one embodiment of a 
30 system 10%br piercing tissue to obtain a blood sample. The system 10 may include a 

replaceable cartridge 12 and an apparatus 14 for removably receiving the cartridge 12 and 
for manipulating components of the cartridge 12. 



10 



15 



20 



25 



30 



WO 2005/001418 

PCT/US2004/037063 



15 

Referring joinUy to Figures 1 and 2, the cartridge 12 may include a plurality of 
penetratmgmemberslS. Tne cartridge 12 may be in the fonn of a circular disc and has 
an outer areolar surface 20 and an opening fonning an i m er circular sUxface 22 A 
phnahtyof grooves 24 -^h.^^^,^^ ^ _ 
24 » elongated and extends radially out from a center point of the cartridge 12 Each 

TTT^T^ '***^-*»*. Althoughnotshown, it should 
be^thattheg.ooves^arefor.edover^ 

center pent of the cartridge 12 and slightly wider further. from the center point These 
grooves 24 may be molded into the cartridge 12, machined into the cartridge forged 
pressed, or formed using other me thods useful in the nu.ufacture of rnedical devices' 

to * e P--<<-bodiment^ 
and a sharpened distal end 27 having a sharp tip 30. Ine penetrating member 1 8 may 
have a encmax cross-section with a diameter m Ms embodiment of aboxat 03, 5 rmn All 

^epene^gmem^ 

.We , m the sense that no raised formations or molded parts are formed thereon that are 
complementaxilyengageablewimanotherstructure. Traditiona, lancets includelarge 
Plastrcmoldedpartsthatareusedtofacilitateengagement. Unfortunately,^ 
attachments add size and cost In the most basic sense, a bare lancet or W penetrating 
"^--cia^^^^^^ Ifit is ofsuflicienuy small diameter 

and sail be considered a bare Wt. Ine bare lancet m one embodimerat may be made of 
one material. 

In the present embodiment, each penetrating member 18 is located in a respective 
one ofthe gloves 24. The penetrating members 18 have their sharpened distal ends 27 
pomted radially out from the center point of the cartridge 12, A proximal end of each 
penetrating member 1 5 m>y engage in an interference fit with opposing sides of a 
respective gropve 24 as shown in Figure 3, Other embodiments of the cartridge 12 may 

adbesrve to releasably secure the penetrating member 18 to the cartridge 12. As shown in 
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Figure 4, more distal portions of the penetrating member 18 are not engaged with the 
opposing sides of the groove 24 due to the larger spacing between the sides. 

The cartridge 12 may further include a sterilization barrier 28 attached to the 
upper surface 26. The sterilization barrier 28 is located over the penetrating members 1 8 
5 and serves to insulate the penetrating members 1 8 from external contaminants. The 
sterilization barrier 28 is made of amaterial that can easily be broken when an edge of a 
device applies a force thereto. The sterilization barrier 28 alone or in combination with 
other barriers may be used to create a sterile environment about at least the tip of the 
penetrating member prior to lancing or actuation. The sterilization barrier 28 may be 
10 made of a variety of materials such as but not limited to metallic foil, aluminum foil, 

paper, polymeric rriaterial, or laminates combining any of the above. Other details of the 
sterilization barrier are detailed herein. 

In the present embodiment, the apparatus 14 may include a housing 30, an 
initiator button 32, a penetrating member movement subassembly 34, a cartridge advance 
15 subassembly 36, batteries 38, a capacitor 40, a microprocessor controller 42, and switches 
44. The housing 30 may have a lower portion 46 and a lid 48. The: lid 48 is secured to 
the lower portion 46 with a hinge 50. The lower portion 46 may have a recess 52. A 
circular opening 54 in the lower portion 46 defines an outer boundary of the recess 52 and 
a level platform 56 of the lower portion 46 defines a base of the recess 52. 
20 In use, the lid 48 of the present embodiment is pivoted into a position as shown in 

Figure 1 . The cartridge 1 2 is flipped over and positioned in the recess 52. The planar 
surface 26 rests against the level platform 56 and the circular opening 54 contacts the 
outer circular surface 20 to prevent movement of the cartridge 12 in a plane thereof. The 
lid 48 is then pivoted in a direction 60 and closes the cartridge 12. 
25 Referring to the embodiment shown in Figure 5, the penetrating member 

movement subassembly 34 includes a lever 62, a penetrating member accelerator 64, a 
linear actuator 66, and a spring 68. Other suitable actuators including but not limited to 
rotary actuators are described in commonly assigned, copending U.S. Patent Application 
Ser. No. 10/127,395 (Attorney Docket No. 38187-2551) filed April 19, 2002. The lever 
30 62 may be pivtftably secured to the lower portion 46. The button 3 2 is located in an 
accessible position external of the lower portion 46 and is connected by a shaft 70 
through the lower portion 46 to one end of the lever 62. The penetrating member 
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accelerator 64 is mounted to an opposing end of the lever 62. A user depresses the button 
32 in an upward direction 66 so that the shaft 70 pivots the end of foe lever 62 to which it 
is connected in an upward direction. The opposing end of the lever pivots in a downward 
direction 66. The spring 46 is positioned between the button 32 and the base 40 and 
compresses when the button 32 is depressed to create a.force that tends to move the 
button 32 down and pivot the penetrating member accelerator upward in a direction 
opposite to the direction 64. " ' 

Referring.to Figures 6A and 6B in this particular embodiment, the movement of 
the button into the position shown in Figure 5 also causes contact between a terminal 74 
on the. shaft 20 with a terminal 70 secured to the lower portion 46. Contact between the 
terminals 74 and 76 indicates that the button 32 has been fully depressed. With the button 
32 depressed, the cartridge 12 can be rotated without interference by the penetrating 
member actuator 64. To this effect, the cartridge advancer subsystem 36 includes a 
pinion gear 80 and a steppermotor 82. The stepper motor 82 is secured to the lower 
. portion 46. The pinion gear 80 is secured to the stepper motor 82 and is rotated by the 
stepper motor 82. Teeth on the pinion gear 80 engage with teeth on the inner circular 
surface 22 of the cartridge 12. Rotation of the pinion gear 80 causes rotation of the 
cartridge 12 about the center point thereof. Each time that the terminals 74 and 76 make 
contact, the stepper motor 82 is operated to rotate the cartridge 12 through a discrete 
angle equal to an angular spacing from a centerline of one of the penetrating members 18 
to a centerline of an adjacent penetrating member. A select penetrating member 18 is so 
moved over the penetrating member accelerator 64, as shown in Figure 6B. Subsequent 
depressions of the button 32 will cause rotation of subsequent adjacent penetrating 

members 18 mto a position over me penetrating member accelerator. 64. 

The user men releases pressure from the button, as shown in Figure 
created by the spring 68 or other resilient member moves the button 32 in a downward 
direction 76. The shaft 70 is pivotably secured to the lever 62 so that the shaft 70 moves 
the end of the lever 62 to which it is connected down. The opposite end of the lever 62 
pivots the penetrating member accelerator 64 upward in a direction 80. As shown in 
Figure 7B,*an edge 82 of the penetrating member accelerator 64 breaks through a portion 
of the sterilization barrier 28 and comes in to physical contact with a lower side surface of 
the penetrating member 18. 
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Referring to Figure 8 A, the linear actuator 66 includes separate advancing coils 
86A and retracting coils 86B, and a magnetizable slug 90 within the coils 86 A and 86B. 
The coils 86A and 86B are secured to the lower portion of 46, and the slug 90 can move 
within the coils 86A and 88B. Once the penetrating member accelerator 64 is located in 
5 the position shown in Figures 7A and 7B, electric current is provided to the advancing 
coils 86 only. The current in the advancing coils 86 creates a force in. a direction 88 on 
the slug 90 according to conventional principles relating to electromagnetics. 

A bearing 91 is secured to the lever and the penetrating member accelerator 64 has 
a slot 92 over the bearing 91. The slot 92 allows for the movement of the penetrating 
10 member accelerator 64 in the direction 88 relative to the lever 62, so tfciat the force created 
on the slug moves the penetrating member accelerator 64 in the direction 88. 

The spring 68 is not entirely relaxed, so that the spring 68, through the lever 62, 
biases the penetrating member accelerator 64 against the lower side surface of the 
penetrating member 1 8 with a force Fl . The penetrating member 1 8 rests against a base 
15 88 of the cartridge 12. An equal and opposing force F2 is created by the base 88 on an 
upper side surface of the penetrating member 18. 

The edge 82 of the penetrating member accelerator 64 has a much higher 
coefficient of friction than the base 88 of the cartridge 12. The higher coefficient of 
friction of the edge contributes to a relatively high friction force F3 on the lower side 
20 surface of the penetrating member 18. The relatively low coefficient of friction of the 
base 88 creates a relatively small friction force F4 on the upper side surface of the 
penetrating member 18. A difference between the force F3 and F4 is a resultant force that 
accelerates the j^netrating member in the direction 88 relative to the cartridge 1 2. The 
penetrating member is moved out of the interference fit illustrated in Figure 3. The bare 
25 penetrating member 1 8 is moved without the need for any engagement formations on the 
penetrating member. Current devices, in contrast, often make use a plastic body molded 
onto each penetrating member to aid in manipulating the penetrating members. 
Movement of the penetrating member 18 moves the sharpened end thereof through an 
opening 90 in a side of the lower portion 46. The sharp end 30 of the penetrating 
30 member 18 is thereby moved from a retracted and safe position within the lower portion 
46 into a position wherein it extends out of the opening 90. Accelerated, high-speed 
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movenientofthepenelratingroemberisusedsothatthesha^tipSO penetrates skin of a 
Person. A blood sample can then be taken from the person, typically for diabetic analysis. 

Reference is now made to Figures 9A and 9B; After the penetrating member is 
accelerated (for example, but not limitation, less than .25 seconds thereafter), the current 
to the accelerating coils 86A is turned off and the current is provided to the retracting 
coils 86B. The slug 90 moves in an opposite direction 92 together ^th the penetrating 
member accelerator 64. The penetrating member accelerator 64 then returns theused 
penetrating member into its original position, i.e., the same as shown, in Figure 7B. 

Subsequent depression of the button as shown in Figure 5 wiil then cause one 
repetition of the process described, but with an adjacent sterile penetrating member. 
Subsequent sterile penetrating members can so be used until all the p enetrating members 
have been used, i.e., after one complete revolution of the cartridge 12. In this 
embodiment, a second revolution of the cartridge 12 is disallowed to prevent the use of 
penetrating members that have been used in a previous revolution and have become 
contaminated. The only way in which the.user can continue to use the apparatus 14 is by 
opening 'the lid 48 as shown in Figure 1, removing the used cartridge 12, andreplacing 
the used cartridge with another cartridge. A detector (not shown) detects whenever a 
cartridge is removed and replaced with another cartridge. Such a detector may be but is 
not limited to an optical sensor, an electrical contact sensor, a bar code reader, or the like. 

Figure 1 0 illuslrates the manner in which the electrical components may be 
functionally interconnected for the present embodiment. The battery 38 provides power 
to the capacitor 40 and the controller 42. The terminal 76 is connected to the controller 
42 so that the controller recognizes when the button 32 is depressed. The capacitor to 
provide power (electric potential and current) individually through the switches (such as 
field-effect transistors) to the advancing coils 86A, retracting coils 86B and the stepper 
motor 82. The switches 44A, B, and C are all under the control of the controller 42. A 
memory 100 is connected to the controller. A set of instructions is stored in the memory 
100 and is readable by the controller 42. Further functioning of the controller 42 in 
combination with the terminal 76 and the switches 44A, B, and C should be evident from 
0 the foregoing description. 

Figure 1 1 illustrates a configuration for another embodiment of a cartridge having 
penetrating members. ^cartridge 112 has a conugated configuration and a p]urality 
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penetrating members 1 1 8 in grooves 1 24 formed in opposing sides of the cartridge 112., 
Sterilization barriers 126 and 128 are attached over the penetrating members 1 1 8 at the 
top and the penetrating members 1 1 8 at the bottom, respectively. Such an arrangement 

provides large surfaces for attachment of the sterilization barriers 126 and 128. All the : 
5 penetrating members 118 on the one side are used first, whereafter the cartridge 112 is 
turned over and the penetrating members 1 1 8 on the other side are used. Additional 

aspects of such a cartridge are also discussed in Figures 42-441 \ 
Referring now to Figures 12-13, a friction based method of coupling with and \ 
driving bare lancets or bare penetrating members will be described m further detail. Any 
1 0 embodiment of the present invention disclosed herein may be adapted to use these { 
methods. As seen in Figure 12, surface 201 is physically in contact with penetrating \ 
member 202. Surface 203 is also physically in contact with penetrating member 202. In • 
the present embodiment of the invention, surface 20 1 is stainless steel, penetrating ■ 
member 202 is stainless steel, and surface 203 is polytetrafluoroethylene-coated stainless ] 

+ -i 

15 steel.. 

Figure 13 illustrates one embodiment of the friction based coupling in use. 
Normal force 206 may be applied vertically to surface 201 , pressing it against penetrating 
member 202. Penetrating member 202 is thereby pressed against surface 203. Normal 
force 206 is transmitted through surface 201 and penetrating member 202 to also act 
20 between penetrating member 202 and surface 203. Surface 203 is held rigid or stationary 

w 

with respect to a target of the lancet. Using the classical static friction model, the 
maximum jfrictional force between surface 201 and penetrating member 202 is equal to 
the friction coefficient between surface 201 and penetrating member 202 multiplied by 
the normal force between surface 201 and penetrating member 202. In this embodiment, 

25 the maximum fiictional force between surface 203 and penetrating member 202 is equal 
to the coefficient of friction between the surface 203 and the penetrating member 202 
multiplied by the normal force between the surface 203 and the penetrating member 202. 
Because friction coefficient between surface 203 and penetrating member 202 is less than 
friction coefficient between surface 201 and penetrating member 202, the interface 

30 between surface 201 and penetrating member 202 can develop a higher maximum static 

friction force than can the interface between surface 203 and penetrating member 202. . 
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Driving force as indicated by arrow 207 is applied to surface 201 perpendicular to 
normal force 206. The sumofthe forces acting horizontally on surface 201 is the sumof 
driving force 207 and the fiiction force developed at the interface of surface 201 and 
penetrating member 202, which acts in opposition to driving force 207, Since the 
coefficient of fiiction between surface 203 and penetrating member 202 is less than the 
coefficient of friction between surface 201 and penetrating member 202, penetrating 
member 202 and surface 201 will remain stationary with respect to each other and can be 
considered to behave as. one piece when driving force 207 just exceeds the maximum 
fiictional force that can be supported by the interface between surface 203 and 
penetrating member 202. Surface 201 and penetrating member 202 can be considered 
one piece because the coefficient of fiiction between surface 201 arid penetrating member 

202 is high enough to prevent relative motion between the two. 
In one embodiment, the coefficient of fiiction between surface 201 and 

penetrating member 202 is approximately 0.8 corresponding to the coefficient of fiiction 
between two surfaces of stainless steel, while the coefficient of fiiction between surface 

203 and penetrating member 202 is approximately 0.04, corresponding to the coefficient 
of friction between a surface of stainless steel and one of polytetrafluorbethylene. 
Normal force 206 has a value of 202 Newtons. Using these values, the maximum 
fiictional force that the interface between surface 201 and penetrating member 202 can 
support is 1.6 Newtons, while the maximum fiictional force that the interface between 
surface 203 and penetrating member 202 can support is 0.08 Newtons. If driving force 
207 exceeds 0.08 Newtons, surface 201 and penetrating member 202 will begin to 
accelerate together with respect to surface 203 v Likewise, if driving force 207 exceeds 
1.6 Newtons and penetrating member 202 encounters a rigid barrier, surface 201 would 

25 move relative to penetrating member 202. 

Another condition, for example, forsurface 201. to move relative to penetrating 
member 202 would be in the case of extreme acceleration. In an embodiment, penetrating 
member 202 has a mass of 8,24 x 10-6 kgi An acceleration of 194,174 m/s2 of 
penetrating member 202 would therefore be required to exceed the fiictional force 
between penetrating member 202 and surface 201, coiresrx,nding to approximately 
19,800 g's. Without being bound to any particular embodiment or theory of operation, 
other methods of applying fiiction base coupling may also be used. For example, the 
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penetrating member 202 may be engaged by a coupler using a interference fit to create 
the fnctional engagement with the member. 

Figure 1 4 illustrates a polytetrafluoroethylene coating on stainless steel surface 
203 in detail. It should be understood that the surface 203 may be coated with other 
5 materials such as but not limited to Telfon®, silicon, polymer or glass. The coating may 
cover all of the penetrating member, only the proximal portions, only the distal portions, 
only the tip, only some other portion, or some combination of some or all of the above. 
Figure 15 illustrates a doping of lead applied to surface 201, which conforms to 
penetrating member 202 microscopically when pressed against it Both of these 
10 embodiments and other coated embodiments of a penetrating member may be used with 
the actuation methods described herein. 

The shapes and configurations of surface 201 and surface 102 could be some form 
other than shown in Figures 12-15. For example, surface 201 could be the surface of a 
wheel, which when rotated causes penetrating member 202 to advance or retract relative 
15 to surface 203. Surface 201 could be coated with another conformable material besides 
lead, such as a plastic. It could also be coated with particles, such as diamond dust, or 
given a surface texture to enhance the friction coefficient of surface 201 with penetrating 
member 202. Surface 202 couid be made of or coated with diamond* fluorinated ethylene 
propylene, perfluoroalkoxy, a copolymer of ethylene and tetrafluoroethylene, a 
20 copolymer of ethylene and chlorotrifluoroethylene, or any other material with a 

coefficient of friction with penetrating member 202 lower than that of the material used 
for surface 201. 

Referring to Figure 1 6, a portion of a base plate 2 1 0 of an embodiment of a 
penetrating member cartridge is shown with a plurality of penetrating member slots 212 

25 disposed in a radial direction cut into a top surface 214 of the base plate. A drive member 
216 is shown with a distal edge 218 disposed within one of the penetrating member slots 
212 of the base plate 210. The distal edge 218 of the drive member 216 is configured to 
slide within the penetrating member slots 212 with a minimum of friction but with a close 
fit to minimize lateral movement during a lancing cycle. 

30 Figure 17 shows a distal portion 220 of a coated penetrating member 222 in partial 

longitudinal section. The coated penetrating member 222 has a core portion 224, a 
coating 226 and a tapered distal end portion 228. A portion of a coated drive member 230 
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is shown having a coating 234 with penetrating member contact surface 236. The 
penetrating member contact surface 236 forms an interface 23 8 with an outer surface 240 
of the coated penetrating member 222. The interface 238 has a characteristic friction 
coefficient that will depend in part on the choice of materials for the penetrating member 
5 coating 226 and the drive member coating 234. If silver is used as the penetrating 

member and drive member coating 226 and 236, this yields a friction coefficient of about 
1 -3 to about 1.5. Other materials can be used for coatings 226 and 236 to achieve the 

desired fiiction coefficient For example, gold, platinum, stainless steel and other 

materials may be used for coatings 226 and 236. It may be desirable to use combinations 
10 of different materials for coatings 226 and 236. For example, an embodiment may 

include silver for a penetrating member coating 226 and gold for a drive member coating. 

Some embodiments of the interface 238 can have friction coefficients of about 1 . 1 5 to 

about 5.0, specifically, about 1.3 to about 2.0. 

Embodiments of me penetotmg member 222 can have an outer transverse 
dimension or diameter of about 200 to about 400 microns, specifically, about 275 to about 
325 microns. Embodiments of penetrating member 222 can have a length of about 10 to 
about 30 millimeters, specifically, about 15 to about 25 millimeters. Penetrating member 
222 can be made from any suitable high strength alloy such as stainless steel or the like. 

Figure 18 is a perspective view of a lancing device 242 having features of the 
invention. A penetrating member cartridge 244 is disposed about a driver 246 that is 
coupled to a drive member 248 by a coupler rod 250. The penetrating member cartridge 
244 has a plurality of penetrating member slots 252 disposed in a radial configuration in a 
top surface 254 a base plate 256 of the penetrating member cartridge 244. The distal ends 
253 of me penetrating member slots 252 are disposed at an outer surface 260 of the base 
plate 256. A fracturable sterility barrier 258, shown partially cut away, is disposed on the 
top surface 254 of base plate 256 over the plurality of penetrating member slots 252. The 
sterility barrier 258 is also disposed over the outer surface 260 of the base plate 256 in 
order to seal the penetrating member slots from contamination prior to a lancing cycle. A 
distal portion of a penetrating member 262 is shown extending radially, from the 
penetrating member cartridge 244 in the direction of a patient's finger 264. 

Figure 19 illustrates a portion of the baseplate 256 used with the lancing device 
242 in more detail and without sterility barrier 258 in place (for ease of illustration). The 
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base plate 256 includes a plurality of penetrating member slots 252 which are in radial 
alignment with corresponding drive member slots 266. The drive member slots 266 have 
an optional tapered input configuration that may facilitate alignment of the drive member 
248 during downward movement into the drive member slot 266 and penetrating member 

5 slot 252. Penetrating member slots 252 are sized and configured to accept a penetrating 
member 262 disposed therein and allow axial movement of the penetrating member 262 
within the penetrating member slots 252 without substantial lateral movement 

Referring again to Figure 1 8, in use, the present embodiment of penetrating 
member cartridge 242 is placed in an operational configuration with the driver 246. A 

10 lancing cycle is initiated and the drive member 248 is brought down through the sterility 
barrier 258 and into a penetrating member slot 252. A penetrating member contact 
surface of the drive member then makes contact with an outside surface of the penetrating 
member 262 and is driven distally toward the patient's finger 264 as described above with 
regard to the embodiment discussed in Figure 20. The friction coefficient between the 

1 5 penetrating member contact surface of the drive member 248 and the penetrating member 
262 is greater than the friction coefficient between the penetrating member 262 and an 
interior surface of the penetrating member slots 2:52. As such, the drive member 248 is 
able to drive the penetrating member 262 distally through the sterility barrier 258 and into 
the patient's finger 264 without any relative movement or substantial relative movement 

20 between the drive member 248 and the penetrating member 262. 

Referring to Figures 20-22, a lancing cycle sequence is shown for a lancing device 
242 with another embodiment of a penetrating member cartridge 244 as shown in Figures 
23 and 24. The base plate 256 of the penetrating member cartridge 242 shown in Figures 
23 and 24 has a plurality of penetrating member slots 252 with top openings 268 that do 

25 not extend radially to the outer surface 260 of the base plate 256. In this way, the 

penetrating member slots 252 can be sealed with a first sterility barrier 270 disposed on 
the top surface 254 of the base plate 256 and a second sterility barrier 272 disposed on the 
outer surface 260 of the base plate 256. Penetrating member outlet ports 274 are disposed 
at the distal ends of the penetrating member slots 252. 

30 Referring again to Figure 20, the penetrating member 262 is shown in the 

proximally retracted starting position within the penetrating member slot 252. The outer 
surface of the penetrating member 276 is in contact with the penetrating member contact 
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surface 278 of the drive member 248. The friction coefficient between the penetrating 
member contact surface 278 of the drive member 248 and the outer surface 276 of toe 
penetratingmember 262 is greater than the fiction coefficient between the penetrating 
membeT262amlanmteriorsurface280oftJi e penet ra tmg m A distal 

5 drive force as indicated by anow282inFigure 10 is then appUed via the drive coupler 
250to thedrivemember 248 and the penetrating member is driven out of the penetrating 
memberoutletport274ax 1 dmtome P atient'sfi„ger264. A proximal retraction force as 
indicated by arrow 284 in Figure 22, is then applied, to the drive member 248andthe' 
penetrating member 262 is withdrawn from the patient's finger 2 64 and back into the 
10 penetrating member slot 252. 

Figures 25 and 26 illustrate an embodiment of a multiple layer sterility barrier 258 
in the process ofbeing penetrated by a penetrating member 62. It should be understood 
that this barrier 258 may be adapted for use with any embodiment of the present 
invention. The sterility barrier 258 shown in Figures 25 and 26 is a two layer sterility 
barrier 258 that facilitates maintaimng sterility of the penetrating member 262 as it passes 
through and exits the sterility barrier 258. In Figure 25, the distal end 286 of the 
penetrating member 262 is applying an axial force in a distal direction against an inside 
surface 288 of a first layer 290 of the sterility barrier 258, so as to deform the first layer 
290 ofthe sterility barrier 258. The deformation 291 ofthe first layer 290 in turn applies 
a distorting force to the second layer 292 of the sterility barrier 258. The second layer of 
the sterility barrier is configured to have a lower tensile strength that the first layer 290. 
As such, the second layer 292 fails prior to the first layer 290 due to the strain imposed on 
the first layer 290 by the distal end 286 of the penetrating member 262, as shown in 
Figure 26. After the second layer 292 fails, it then retracts from the deformed portion 291 
ofthe first layer 290 as shown by arrows 294 in Figure 26. As long as the inside surface 
288 and outside surface 296 ofthe first layer 290 are sterile prior to failure ofthe second 
layer 292, the penetrating member 262 will remain sterile as it passes through the first 
layer 290 once the first layer eventually fails. Such a multiple layer sterility barrier 258 
can be used for any ofthe embodiments discussed herein. The multiple layer sterility ' 
barrier 258^can also include three or more layers. 

Referring to Figures 27 and 28, an embodiment of a drive member 300 coupled to 
a driver 302 wherein the drive member 300 includes a cutting member 304 having a 
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sharpened edge 306 which is configured to cut through a sterility barrier 258 of a 
penetrating member slot 252 during a lancing cycle in order for the drive member 300 to 
make contact with a penetrating member. An optional lock pin 308 on the cutting 
member 304 can be configured to engage the top surface 310 of the base plate in order to 
5 prevent distal movement of the cutting member 304 with the drive member 300 during a 
lancing cycle. 

Figures 29 and 30 illustrate an embodiment of a penetrating member slot 316 in 
longitudinal section having a ramped portion 318 disposed at a distal end 320 of the 
penetrating member slot. A drive member 322 is shown partially disposed within the 
1 0 penetrating member slot 316. The drive member 322 has a cutting edge 324 at a distal 

30 illustrates the cutting edge 324 cutting through the sterility barrier 328 during a lancing 
cycle with the cut sterility barrier 328 peeling away from the cutting edge 324. 

Figures 3 1-34 illustrate drive member slots in a base plate 330 of a penetrating 

1 5 member cartridge wherein at least a portion of the drive member slots have a tapered 
opening which is larger in transverse dimension at a top surface of the base plate than at 
the bottom of the drive member slot Figure 3 1 illustrates a base plate 330 with a 
penetrating member slot 332 that is tapered at the input 334 at the top surface 336 of the 
base plate 330 along the entire length of the penetrating member slot 332. In such a 

20 configuration, the penetrating member slot and drive member slot (not shown) would be 
in communication and continuous along the entire length of the slot 332. As an optional 
alternative, a base plate 338 as shown in Figure 32 and 33 can have a drive member slot 
340 that is axially separated from the corresponding penetrating member slot 342. With 
this configuration, the drive member slot 340 can have a tapered configuration and the 

25 penetrating member slot 342 can have a straight walled configuration. In addition, this 
configuration can be used for corrugated embodiments of base plates 346 as shown in 
Figure 34. In Figure 34, a drive member 348 is disposed within a drive member slot 350. 
A penetrating member contact surface 352 is disposed on the drive member 348. The 
contact surface 352 has a tapered configuration that will facilitate lateral alignment of the 

30 drive member 348 with the drive member slot 350. . 

Figures 35-37 illustrate an embodiment of a penetrating member cartridge 360 and 
drive member 362 wherein the drive member 362 has contoured jaws 364 configured to 
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gri pape„e tratingmembershaft 3 66 - ^ Figure 35, the cWve m e nber 362 and penetra^ 
disposed about the penetrating member shafl 366 . A pivot ^ 3 ^ ^ ^ 
the contoured jaws 364 and a tapered compression dot 370 in the drive m e m bex 362 A 

Insertion of the compression wedge 372 into the compression slot 370 as indicated by 

snart J66 as indicated by arrows 376. 

^ Figure 36 shows the drive .ember 362 m position about a p ^^ 
shaft 366 in apenetrating member slot 378 in thepenetratmg member cartridge 360 The 
dnve member ean be .actuated by the methods discussed above with regard to other drive 
member and driver embodiments. Figure 37 is an elevational view in longitudinal section 
of the penetiating member shaft 166 disposed within the penetrating member slot 378 
farrows 380 and 382 indicate in a general way, the path &Uwed by the drive member 
362 dunng a lancing cycle: During a lancing cycle, the drive member comes down into 
me penetrating member slot 378 as indicated by arrow 380 through an optional sterility 
barner (not shown). The contoured jaws of the drive member then clamp about the 
penetrating member shait 366 and move forward in a distal direction so as to drive the 
penetrating member into the skin of a patient as indicated byarrow382. 

Figures 38 and 39 show a portion of a lancing device 390 having a lid 392 that can ' 
be opened to expose a penetrating member cartridge cavity 394 for removal of a used 
penetrating member cartridge396 and insertion of a new penetratLng member cartridge 
398. Depression ofbutton400 in the direction indicated by a^ow 402 raises the drive 
member 404 from thereof me penetiating member cartridge 396 by virtue of lever 
actionaboutpivotpoint 406. Raising the lid 392 actuates the lever arm 408 in the 
Erection md.cated by arrow 410 which in turn applies a tensile force to cable 412 in the 
Erection mdicated by arrow 414. This action pulls the drive member back away from the 
penetmmgmemberca^ 

mnoved from the lancing device 390. A new penetrating member cartridge 398 can then 
be mserted h*> the ,ancing device 390 and the steps above reversed in order to position 
the dnve member 404 above the penetrating member cartridge 398 in an operational 

position. • 
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Figures 40 and 41 illustrate a penetrating member cartridge 420 that has 
penetrating member slots 422 on a top side 424 and a bottom side 426 of the penetrating 
member cartridge 420. This allows for a penetrating member cartridge 420 of a diameter 
D to store for use twice the number of penetrating members as a one sided penetrating 
5 member cartridge of the same diameter D. 

Figures 42-44 illustrate end and perspective views of a penetrating member 
cartridge 430 having a plurality of penetrating member slots 432 formed from a 
corrugated surface 434 of the penetrating member cartridge 430. Penetrating members 
436 are disposed on both sides of the penetrating member cartridge 430. A sterility 
1 0 barrier 43 8 is shown disposed over the penetrating member slots 432 in Figure 44. 

Figures 45-48 illustrate embodiments of a penetrating member 440 and drive 
member 442 wherein the penetrating member 440 has a transverse slot 444 in the 
penetrating member shaft 446 and the drive member 442 has a protuberance 448 
configured to mate with the transverse slot 444 in the penetrating member shaft 446. 
1 5 Figure 45 shows a protuberance 448 having a tapered configuration that matches a 
tapered configuration of the transverse slot 444 in the penetrating member shaft 446. 
Figure 46 illustrates an optional alternative embodiment wherein the protuberance 448 
has straight walled sides that are configured to match the straight walled sides of the 
transverse slot 444 shown in Figure 46. Figure 47 shows a tapered protuberance 448 that 
20 is configured to leave an end gap 450 between an end of the protuberance 448 and a 
bottom of the transverse slot in the penetrating member shaft 446. 

Figure 48 illustrates a mechanism 452 to lock the drive member 442 to the 
penetrating member shaft 446 that has a lever arm 454 with an optional bearing 456 on 
the first end 458 thereof disposed within a guide slot 45.9 of the drive member 442. The 
25 lever arm 454 has a pivot point 460 disposed between the first end 458 of the lever arm 
454 and the second end 462 of the lever arm 454. A biasing force is disposed on the 
second end 462 of the lever arm 454 by a spring member 464 that is disposed between the 
second end 462 of the lever arm 454 and a base plate 466. The biasing force in the 
direction indicated by arrow 468 forces the penetrating member contact surface 470 of the 
30 drive membe|442 against the outside surface of the penetrating member 446 and, in 

addition, forces the protuberance 448 of the drive member 442 into the transverse slot 444 
of the penetrating member shaft 446. 

i 
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Referring now to Figure 49, another embodiment of a replaceable cartridge 50O 
suitable for housing a plurality of individually moveable penetrating members (not 
shown) will be described in further detail. Although cartridge 500 is shown with a 
chamfered outer periphery, it should also be understood that less chamfered and 
5 unchamfered embodiments of the cartridge 500 may also be adapted for use with any 
embodiment of the present invention disclosed herein. The penetrating members slidably 
coupled to the cartridge may be a bare lancet or bare elongate member without outer 
molded part or body pieces as seen in conventional lancet. The bare design reduces cost 
and simplifies manufechiring of penetrating members for use witb the pre sent invention 
10 The penetrating members may be retractable and held within the cartridge so that they are 
not able to be used again. The cartridge is replaceable with a new cartridge once all the 
piercing members have been used. The lancets or penetrating members nay be fully 
contained in the used cartridge so at to minimize the chance of patient contact with such 
waste. 

15 As can be seen in Figure 49, the cartridge 500 may include a pluraJity of cavities 

501 for housing a penetrating member. In this embodiment, the cavity 50 1 may have a 
longitudinal opening 502 associated with the cavity. The cavity 501 may also have a 
lateral opening 503 allowing the penetrating member to exit radially outward from the 
cartridge. As seen in Figure 49, the outer radial portion of the cavity may be narrowed. 
The upper portion of this narrowed area may also be sealed or swaged to close the top 
portion 505 and define an enclosed opening 506 as shown in Figure 50. Optionally the 
narrowed area 504 may retain an open top configuration, though in some embodiments, 
the foil over the gap is unbroken, preventing the penetrating member from lifting up or 
extending upward out of the cartridge. The nanowed portion 504 may act as a bearing 
and/or guide for the penetrating member. Figure 51 shows that the opening 506 may have 
a variety of shapes such as but not limited to, circular, rectangular, triangular, hexagonal, 
square, or combinations of any or all of the previous shapes. Openings 507 (shown in 
phantom) for other microfluidics, capillary tubes, or the like may also be incorporated in 
the immediate vicinity of the opening 506. In some optional embodiments, such openings 
507 may be epnfigured to surround the opening 506 in a concentric or other manner. 

Referring now to Figure 52, the underside of a cartridge 500 will foe described in 
further detail. This figures shows many features on one cartridge 500. It should be 
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understood that a cartridge may include some, none, or all of these features, "but they are 
shown in Figure 52 for ease of illustration. The underside may include indentations or 
holes 510 close to the inner periphery for purpose of properly positioning the cartridge to 
engage a penetrating member gripper and/or to allow an advancing device (shown in 
Figure 56B and 56C) to rotate the cartridge 500. Indentations or holes 511 may he 
formed along various locations on the underside of cartridge 500 and may assume various 
shapes such as but not limited to, circular, rectangular, triangular, hexagonal, square, or 
combinations of any or all of the previous shapes.. Notches 512 may also be formed along 
the inner surface of the cartridge 500 to assist in alignment and/or rotation of the 
0 cartridge. It should be understood of course that some of these features may also be 

placed on the topside of the cartridge in areas not occupied by cavities 501 that house the 
penetrating members. Notches 513 may also be incorporated along the outer periphery of 
thecartridge. These notches 513 may be used to gather excess material from the sterility 
barrier 28 (not shown) that may be used to cover the angled portion 514 of the cartridge. 
15 In the present embodiment, the cartridge has a flat top surface and an angled surface 

around the outside. Welding a foil type sterility barrier over that angled surface, the foil 
folds because of the change in the surfaces which is now at 45 degrees. This creates 
excess material. The grooves or notches 513 are there as a location for that excess 
material. Placing the foil down into those grooves 513 which may tightly stretch the 
20 material across the 45 degree angled surface. Although in this embodiment the surface is 
shown to be at 45 degrees, it should be understood that other angles may also be used. 
For example, the surface maybe at any angle between about 3 degrees to 90 degrees, 
relative to horizontal. The surface may be squared off. The surface may be 
unchartered. The surface may also be a curved surface or it may be combinations of a 
25 variety of angled surfaces, curved and straights surfaces, or any combination of some or 
all of the above. 

Referring now to Figures 53-54, the sequence in which the cartridge 500 is 
indexed and penetrating members are actuated will now be described. It should be 
understood that some steps described herein may be combined or taken out of order 
30 without departing from the spirit of the invention. These sequence of steps provides 

vertical and horizontal movement used with the present embodiment to load a penetrating 
member onto the driver. 
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^ > P**« eaeh e.vitv ^ ^ ^ 
2* — *- » «»*o, ao d „ lMded OM0 a Wher mechmisin 

rh^A C ° nfanilnanls 0,1 * e "i 6 ™*^ as it travels towards a target tissue. A variety of 

methods may be used accomplish this goal. 

/ *>A shows one embodiment of penetrating member. re ]ease device which 

.^bodi^tisap^ 

of ,ust«^ for piercing steme 

m atenalcoven ng the Jateral opening 503. A slot 523 allows the penetrating member 

vaned, T he punch porfion 522 ^ ^ fc _ ^ ^ ^ ^ ^ ^ 

andas.goesdo^thecracksnmsdown each side and the bamer is pressed dow, to the 
bottom of the fron, cavity. The rear edge of the barrier first contacted by the punch 

br ° ken ^ barrfer ^ PreSSCd -^ycleared ont o^e 

be ^ with ^ center of ^ cavity> cutting &e ste . Kty fcto ^ ^ ^ 

-der par, of the punch 52 1 then pushes down on the barrier so the they align parallel to " 

^lo ngl t„dmaIop^n gofthecavity . Additionally, as seen m FigHre 53B a 
Plurahty of prohusion 524 are positioned to engage a cam (Figure 55A) ^hich sequences . 

The dnve shaft 526 from a force generator (no. shown) which is used to actuate the 

penetrating member 527. 
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Referring now to Figures 54A-F, the release and loading of the penetrating 
members are achieved in the following sequence. Figure 54A shows the release and 
loading mechanism in rest state with a dirty bare penetrating member 527 held in a 
penetrating member gripper 530. This is the condition of the device between lancing 
events. When the time comes for the patient to initiate another lancing event, the used 
penetrating member is cleared and a new penetrating member is loaded, just prior to the 
actual lancing event The patient begins the loading of a new penetrating member by 
operating a setting lever to initiate the process. The setting lever may operate 
mechanically to rotate a cam (see Figure 55A> that moves the punch plate 520 and 
cartridge pusher 525. Li other embodiments, a stepper motor or other mover such as but 
not limited to, a pneumatic actuator, hydraulic actuator, or the like are used io drive the 



loading sequence. 

Figure 54B shows one embodiment of penetrating member gripper 530 in more 
detail. The penetrating member gripper 530 may be in the form of a tuning fork with 
15 sharp edges along the inside ofthe legs contacting the penetrating member. Li some 

embodiments, the penetrating member may be notched, recessed, or otherwise shaped to 
receive the penetrating member gripper. As the gripper 530 is pushed down on the 
penetrating member, the legs are spread open elastically to create a frictional grip with the 
penetrating member such as but not limited to bare elongate wires without attachments 
20 molded or otherwise attached thereon. In some embodiments, the penetrating member is 
made of a homogenous material without any additional attachments that are molded, 
adhered, glued or otherwise added onto the penetrating member. 

In some embodiments, the gripper 530 may cut into the sides of the penetrating 
member. The penetrating member in one embodiment may be about 300 microns wide. 

25 The grooves mat fo^ 

orderofabontS-lOmicronsdeepandarequitesman. In this particular embodiment, the 

knife edges allow the apparatus to use a small insertion force to get the gripper onto the 
penetrating member, compared to the force to remove the penetrating member from the 
gripper the longitudinal axis of an elongate penetrating member. Thus, the risk of a 
30 penetmtmg^erbemgdetachedduringacmationarereduced. The gripper 530 may 
be made of a variety of materials such as, but not limited to high strength carbon steel that 
is heat treated to increased hardness, ceramic, substrates with diamond coating, compose 
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on solenoid or other driver. g 

c-W^ ^^'P0rt»»52, qflh „p ui , [41h ,, 0|>cnscavily532is ^ 
pierce the sterility banier and then push, compresses, or otherwise moves sterile 
-*» the sides of ,h. longitodin,, ^ 5te . „ e ^ 

^f 16 punch pushes down the sterility barrierat lateral opening or penetrating 

"f. 7 "* " " »— *«* *~W ^..s when i( 

actuated toward a tissue site.: 

trav 1 downward with „ ^ 50o ^ , fcf-- ^ JJ» 
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Pcfon, while fte penetrating ^ ^ remains ^ ^ ^ 
J«- ^wnward motion away from the penetrating ^ ^ ^ ^ ^ " 
P^^ta*^ .^punchp^eSZOessentia^esaga^^. 

wrth the cartridge, while the cartridge 500 and the punch p,ate 520 is lowered away fiom 
the penetrating member gripper 530 which in this embodiment remains vertically 
penary. ; m, causes ^.stripping of the used penetrating member from the gripper 530 
(Figure 45D) as the cartridge moves relative to the gripper. 

At this point as seen in Figure 54E, the punch plate 520 retracts upward and the 
cartridge m is pushed ftlly down, clear of the gripper 530. Now cleared of obstructions 
and m a rotatable position, the cartridge 500 increments one pocket or cavity in the 
chrecnon that brings the newly released, sterile penetrating member in cavity 532 into 
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alignment with the penetrating member, gripper 530, as see in Figure 54F. The rotation of 
the cartridge occurs due to fingers engaging the holes or indentations 533 on the 
cartridge, as seen in Figure 54A. In some embodiments, these indentations 533 do not 
pass completely through cartridge 500. In other embodiments, these indentations are 
5 holes passing completely through. The cartridge has a plurality of little indentations 533 
on the top surface near the center ofthe cartridge, along the inside diameter. Intheone 
embodiment, the sterility barrier is cut short so as not to cover these plurality of 
indentations 533. It should be understood of course that these holes may be located on 
bottom, side or other accessible surface. These indentations 533 have two purposes. The 
10 apparatusmayhaveoneoraplurahtyoflocatorpins,static pins, or other keying feature 
that dos not move. In this embodiment, the cartridge will only set down into positions 
where the gripper 530 is gripping the penetrating member. To index the cassette, the 
cartridge is lifted off those pins or other keyed feature, rotated around, and dropped onto 
those pins for the next position. The rotating device is through the use of two fingers: one 
15 is a static pawl and the other one is a sliding finger. They engage with the holes 533. The 
fingers are driven by a slider that may be automatically actuated or actuated by the user. 
This maybe occur mechanically or through electric or other powered devices. Halfway 
through the stroke, a finger may engage and rotate around the cartridge. A more 
complete description can be found with text associated with. Figures 56B-5 6C. 
20 Referring now to Figure 54G, with the sterile penetrating member in alignment, 

the cartridge 500 is released as indicated by arrows 540 and brought back into contact 
with the penetrating member gripper 530. The new penetrating member 541 is inserted 
into the gripper 530, and the apparatus is ready to fire once again. After launch and in 
between lancing events for the present embodiment, the bare lancet or penetrating 
25 member 541 is held in place by gripper 530, preventing the penetrating member from 
accidentally protruding or sliding out of the cartridge 500. 

It should be understood of course, that variations caai be added to the above 
embodiment without departing fiom the spirit of the invention. For example, the 
penetrating member 541 may be placed in a parked position in the cartridge 500 prior to 
30 launch. As s^en in Figure 55A, the penetrating member is held by a narrowed portion 
542 ofthe cartridge, creating an interference fit which pinches the proximal end ofthe 
penetrating member. Friction from the molding or cartridge holds the penetrating 
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course, oth CT metbo^^^ 

F.gure 55B prior to launch, the penetrating member gripper 530 may pull the penetrating 
m e m ber541out 0 ftheportion542. ^epe.etratingn.en.berS^ m ay regain in this 

membergrippe, A cam surface 544 may be used to pull the penetrating member out of 
me port™ 542. IMs mechanical cam surface may be coupled to the mechanic s.ider 
dnven by the patient, which may be considered a separate force generator. Thus, energy 
from the patient extra^^ the drain on the 

dice's battery if the solenoid or electric driver were to pull out the penetrating member 
The penetratmg member may be moved forward a small distance ( on the order of about 1 
mm or less) from its parked ppsition to pull the penetratingmember from the rest positio n 
W^P^^lbp.^^^ returned to the cartridge 
and eventuaUyplacedinto theparked position; TMsmayalso occur, though not 

h one embOdionent, the placing ofthe 

penetratmg member is initiated by the patient. In other embodiments, the pulling out of 
theparked position occurs in the same motion as the penetrating member actuation Tte 
return mto the parked position may also be considered a continuous motion. 

Figure 55A also shows one embodiment of the cam and other surfaces used to 
coordmate the motion ofthe punch plate 520. For example, cam 550 in this embodiment 
is crcular and engages the protrusions 524 on the punch plate 520 and the cartridge 
pusher 525. Figure 55A also more clearly shows protrusion 534 which helps to hold the 
. penetotmg member in the cartridge 500 while the penetrating member gripper 530 pulls 
.way from the member, relatively speaking. A ratchet surface 552 that rotates with the 
cam 550 may be used to prevent the cam from rotating backwards. The raising and lower 
of cartndge 500 and punch plate 50 used to .oad/unload penetrating members may be 
mechanically actuated by a variety of cam surfaces, springs, or the like as may be 
determined by one skilled in the art Some embodiments may also use electrical or 
magnebc device to perform the loading, unloading, and release of bare penetrating 
members. Although the punch plate 520 is shown to be punching downward to displace 
remove, or move the foil or other sterile environment enclosure, it should be understood ' 
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that other methods such as stripping, pulling, tearing, or some combination of one or 
more of these methods may be used to remove the foil or sterile enclosure. For example, 
other embodiments, the punch plate 520 may be located on an underside of the 
artridge and punch upward. In other embodiments, the cartridge may remain vertically 
stationary while other parts such as the penetrating member gripper and punch plate move 
to load a sterile penetrating member on to the penetrating member gripper. 

Figure 55B also shows other features that may be included in the present 
apparatus. A fire button 560 may be included for the user to actuate the penetrating 
member. A front end interface 561 may be included to allow a patient to seat their finger 
or other target tissue for lancing. The interface 561 may be removable to be cleaned or 

replaced. A visual display 562 may De inciuucu io ^ . .~ o—- , *> 

performance, error reports, or the like to the patient. 

Referring now to Figure 56A, a mechanical slider 564 used by the patient to load 
new penetrating member may also be incorporated on the housing. The slider 564 may 
also be coupled to activate an LCD or visual display on the lancing apparatus. In addition 
to providing a source of energy to index the cartridge, the slider 564 may also switch the 
electronics to start the display. The user may use the display to select the depth of lancing 
or other feature. The display may go back to sleep again until it is activated again by 
motion of the slider 564. The underside the housing 566 may also be hinged or otherwise 
removable to allow the insertion of cartridge 500 into the device. The cartridge 500 may 
be inserted using technology current used for insertion of a compact disc or other disc 
into a compact disc player. In one embodiment, there may be a tray which isdeployed 
outward to receive or to remove a cartridge. The tray may be withdrawn into the 
apparatus where it may be elevated, lowered, or otherwise transported into position for 
use with the penetrating member driver. In other embodiments, the apparatus may have a 
slot into which the cartridge is partially inserted at which point a mechanical apparatus 
will assist in completing insertion of the cartridge and load the cartridge into proper 
position inside the apparatus. Such device is akin to the type of compact disc player 
found on automobiles. The insertions/ejection and loading apparatus of these compact 
disc played uses gears, pulleys, cables, frays, and/or other parts that may be adapted for 
use with the present invention. - 
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Referring now to Figure 56B, a more detailed view of one embedment of the 
slider 564 is provided. In this embodiment, the slider 564 will move initially as indicated 
by arrow 567. To complete the cycle, the patient will return the slider to its home 
position or original starting position as indicated by arrow 568. The slider 564 has an arm 
5 569 which moves with the slider to rotate the cam 550 and engage portions 522. The 
motion of the slider 564 is also mechanically coupled to a finger 570 which engage the 
mdentauohs 571 on cartridge 500.. The finger 570 is synchronized to rotate the cartridge 
500 by pulling as indicated by arrow 572 in the same plane as the cartridge. It should be 
understood that in some embodiments, the finger 570 pushes instead of pulls to rotate the 
10 cartridge in the correct direction. The finger 570 may also be adapted to engage ratchet 
surfaces 706 as seen in Figure 66 to rotate a cartridge. The finger 570 may also 
incorporate vertical motion to coordinate with the rising and. lowering pf the cartridge 
500. The motion of finger 570 may also be powered by electric actuators such as a 
stepper motor or other device useful for achieving motion. Figure 56B also shows a 
portion of the encoder 573 used in position sensing. 

Referring now to Figure 56C, a still further view ofthe slider 564 and arm 569 is 
shown. The arm 569 moves to engage portion 522 as indicated by arrow 575 and this 
causes the cam 550 to rotate as indicated by arrow 577. In this particular embodiment, 
the cam 550 rotates about 1/8 of an rotation with each pull ofthe slider 564. When the 
slider 564 is return to its home or start position, the arm 569 rides over the portion 522. 
The movement ofthe slider also allows the cam surface 544 to rotate about pivot point 
579. A resilient member 580 may be coupled to the cam surface 544 to cause it to rotate 
counterclockwise when the arm 569 moves in the direction of arrow 567. The pin 580 
wiUr^am in contact with the arm 569. As the cam surface 544 rotates a first snrface 
582 will contact the pin 583 on the gripper block 584 and pull the pin 583 back to park a 
penetrating member into a coupling or narrowed portion 542 ofthe cartridge 500 as seen 
in Figure 55A. As the arm 569 is brought back to the home position, the cam surface 544 
rotates back and a second surface 586 that rotates clockwise and pushes the penetrating 
member forward to be released from the narrowed portion 542 resulting in a position as 
seen in Figur«*55B. It should be understood that in some embodiments, the release and/or 
parking of lancet from portion 542 may be powered by the driver 588 without using the 
mechanical assistance from cam surface 544. 



15 



WO 2005/001418 



PCT/US2004/017063 



38 

In another embodiment of the cartridge device, a mechanical feature may be 
included on the cartridge so that there is only one way to load it into the apparatus. For 
example, in one embodiment holding 50 penetrating members, the cartridge may have 5 1 
pockets or cavities. The 5 1 st pocket will go into the firing position when the device is 
5 loaded, thus providing a location for the gripper to rest in the cartridge without releasing a 
penetrating member from a sterile environment The gripper 530 in that zeroth position is 
inside the pocket or cavity and that is the reason why one of the pockets may be empty. 
Of course, some embodiments may have the gripper 530 positioned to grip a penetrating 
member as the cartridge 500 is loaded into the device, with the patient lancing themselves. 
1 0 soon afterwards so that the penetrating member is not contaminated due to prolonged 
exposure outside the "sterile enclosure. Thai zeroth position may be the start and finish 
position. The cartridge may also be notched to engaged a protrusion on the apparatus, 
thus also providing a method for allowing the penetrating member to loaded or unloaded 
only in one orientation. Essentially, the cartridge 500 may be keyed or slotted in 
1 5 association with the apparatus so that the cartridge 500 can only be inserted or removed at 
one orientation. For example as seen in Figure 56D, the cartridge 592 may have a keyed 
slot 593 that matches the outline of a protrusion 594 such that the cartridge 592 may only 
be removed upon alignment of the slot 593 and protrusion 594 upon at the start or end 
positions. It should be understood that other keyed technology may be used, and the slot 
20 or key may be located on an outer periphery or other location on the cartridge 592 m 

manner useful for allowing insertion or removal of the cartridge from only one or a select 
number of orientations. 

Referring now to Figure 57, a cross-section of another embodiment of a cavity 
600 housing a penetrating member is shown. The cavity 600 may include a depression 
25 602 for allowing the gripper 530 to penetrate sufficiently deeply into the cavity to 

frictionally engage the penetrating member 541 . The penetrating member may also be 
housed in a groove 604 that holds the penetrating member in place prior to and after 
actuation. The penetrating member 541 is lifted upward to clear the groove 604 during 
actuation and exits through opening 506. . _ - 

30 Referring now to Figure 58, another variation on the system according to the 

present invention will now be described. Figure 58 shows a lancing system 610 wherein 
the penetrating members have their sharpened tip pointed radially inward. The finger or 
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other tissue ofthe patient is inserted through the center hole 61 1 to be pierced by the 
memberdl* TCepenet^^ 

operate in substantially the same manner as described i, Figures 54A-G. The punch 

. pcmq-521 and 522 operate in substantially the same manner to release the penetrating 
member from the sterile ^ ^ ^ ^ ^ ^ ^ ^ ^ 

penphery ofthe device, where the penetrating member exit is now located, so that sterile 
enclosure material is cleared out of thepath of fee penetrating member exit. 

Referring now to Figure 59, a still further variation on the lancing system 
accordn.gtomepresentinventionwillnowbedescribed. In the embodiments shown in 
Fnpres 53-54, the penetrating member gripper 530 approaches the penetrating member 
from above and at least a portion ofthe drive system is located in a different plane from 
** ofthe cartridge 500. Figure 59 shows an enabpdiment where the penetrating member 
dnver 620 is in substantially the same plane as the penetrating member 622. The coupler 
624enga gesab entorL S hapedportion626ofth l em e mb e r622. The cartridge 628 can 
rotate to engage a new penetrating member with the coupler 624 without having to move 
thecarmdgeorcouplerverhc.lly.Thenextpenetra^ 

the slot provided by the coupler 624. A narrowed portion ofthe cartridge acts as a 
penetrahng member guide 630 near the distal end ofthe penetrating member to ahgn the 
penetrating member as it exits the cartridge. 

The coupler 624 may come in a variety of configurations. For example Figure 
60A shows a coupler 632 which can engage a penetrating member 633 that does not have 
a beat or L-shaped portion. A radial cartridge carrying such a penetrating member 633 

^«^*&V*^mateh*tos^a4«fb*ca^m Figure 
60B 1S a front view showing that the coupler 632 may include a tapered portion 636 to 
gu.de the penetrating member 633 into the slot 634. Figure 60C shows an embodiment of 
the dnver 620 using a coupler 637 having a slot €38 for receiving a T-shaped penetrating 
member, ^^ajmv^t^^j,^^^^^^^^ 
overhead slot to maintain alignment of the drive shaft during actuation. 

Referring now to Figure 61, a cartridge 640 for Use with an in-plane driver 620 is 
shown. The eartridge 640 includes an empty slat 642 that allows the cartridge to be 
pIacedin P ositionwiththedriver620. In this embodiment, the empty slot 642 allows the 
coupler 644 to be positioned to engage an unused penetrating member 645 that may be 
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rotated into position as shown by arrow 646. As seen in Figure 61, the cartridge 640 may 
also be designed so that only the portion of the penetrating member that needs to remain 
sterile (i.e. the portions that may actually be penetrating into tissue) are enclosed. As seen 
in Figure 61 , a proximal portion 647 of the penetrating member is exposed. This expos ed 
5 proximal portion may be about 70% of the penetrating member. In other embodiments it 
may be between about 69% to about 5% of the penetrating member. The cartridge 640 
may further include, but not necessarily, sealing protrusions 648. These protrusions 64 8 
are releasably coupled to the cartridge 640 and are removed from the cartridge 640 by 
remover 649 as the cartridge rotates to place penetrating member 645 into the position of 
10 the active penetrating member. The sterile environment is broken prior to actuation of the 
member 645 and the member does not penetrate sterile enclosure material thai may dull 
the tip of the penetrating member during actuation. A fracturable seal material 650 may 
be applied to the member to seal against an inner peripheral portion of the cartridge. 

Referring now to Figure 62, a still further embodiment of a cartridge for use with 
15 the present invention will be described. This cartridge 652 includes a tapered portion 654 
for allowing the coupler 655 to enter the cavity 656. A narrowed portion 657 guides uxe 
penetrating member 658. The coupler 655 may have, but does not necessarily have, 
movable jaws 659 that engage to grip the penetrating member 658. Allowing the coupler 
to enter the cavity 656 allows the alignment of the penetrating member to be better 
20 maintained during actuation. This tapered portion 654 may be adapted for use with any 
embodiment of the cartridge disclosed herein. 

Referring now to Figure 63, a linear cartridge 660 for use with the present 
invention will be described. Although the present invention has been shown in use with 
radial cartridges, the lancing system may be adapted for use with cartridges of other 
25 shapes. Figures 79-83 show other cartridges of varying shapes adaptable for use with the 
present invention. Figure 63 illustrates a cartridge 660 with only a portion 662 providing 
sterile protection for the penetrating members. The cartridge 660, however, provides a. 
base 664 on which a penetrating member 665 can rest This provides a level of protection 
of the penetrating member during handling. The base 664 may also be shaped to provide 
* 30 slots 666 in which a penetrating member 667 may be held. The slot 666 may also be 

adapted to have a tapered portion 668. These configurations may be adapted for use with 
any of the embodiments disclosed herein, such as the cartridge 652. 
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Refening now to Figures 64A-64C, a variety of different devices are shown for 
releasing the sterility seal covering a lateral opening 503 on the cartridge 500. Figure 
64 A shows a rotating punch device 670 that has protrusions 672 that punch out the 
sterility barrier creating openings 674 from which a penetrating member can exit without 
5 touching the sterility barrier material. Figure 64B shows a vertically rotating device 676 
with shaped protrusions 678 that punch down the sterility barrier 679 as it is rotated to be 
in the active, firing position. Figure 64C shows a punch 680 which is positioned to punch 
out barrier 682 when the cartridge is lowered onto the punch. The cartridge is rotated and 
the punch 680 rotates with the cartridge. After the cartridge is rotated to the proper . 
1 0 position and lifted up, the punch 680 is spring loaded or otherwise configured to return to 
the position to engage the sterility barrier covering the next unused penetrating member. 

Referring now to Figure 65A-65B, another type ofpunch mechanism for use with 
a punch plate 520 will now be described. The device shown in Figures 53-54 shows a 
mechanism that first punches and then rotates or indexes the released penetrating member 
into position. In this present emtodiment, the cartridge is rotated first and then the 
gripper and punch may move down simultaneously. Figure 65A shows a punch 685 
having a first portion 686 and a second portion 687. As seen in cross-sectional view of 
Figure 65B, the penetrating member gripper 690 is located inside the punch 685. Thus 
the penetrating of the sterility barrier is integrated into the step of engaging the 
penetrating member with the gripper 690. The punch 685 may include a slot 692 
allowing a portion 694 of the gripper 690 to extend upward. A lateral opening 695 is 
provided from which a penetrating member may exit. In some embodiments, the punch 
portion 687 is not included with punch 686, instead relying on some other mechanism 
such as those shown in Figures 64A-64C to press down on barrier material covering a . 
15 lateral opening 503. 

Refening now to Figures 66, a still further embodiment of a cartridge according to 
the present invention will be described. Figure 66 shows a cartridge 700 with a plurality 
of cavities 702 and individual deflectable portions or fingers 704. The ends of the 
protective cavities 702 may be divided into individual fingers (such as one for each 
cavity) on tha outer periphery of the disc. Each finger 704 may be individually sealed 
with a foil cover (not shown for ease of illustration) to maintain sterility untiUhe time of 
use. Along the inner periphery of the cartridge 700 are raised step portions 706 to create 
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a ratchet type mechanism. As seen in Figure 67, a penetrating member 708 may be 
housed in each cavity. The penetrating member may rest on a raised portion 710. A 
narrowed portion 712 pinches the proximal portions of the penetration member 7*08. 
Each cavity may include a wall portion 714 into which the penetrating member TQ2> may 
be driven after the penetrating member has been used. Figure 68 shows the penetrating 
member gripper 716 lowered to engage apenetrating member 708. For ease of 
illustration, a sterility barrier covering each of the cavities is not shown. 

Referring now to Figures 69A-69L, the sequence of steps for actuating a 
penetrating member m a cartridge 700 will be described. It should be understood that in 
other embodiments, steps may be combined or reduced without departing from the sprit 
of the present invention. The last penetrating member to be used may be left in a 
retracted position, captured by a gripper716. The end of the protective cavity 704 may 
be deflected downward by the previous actuation. The user may operate a mechanism 
such as but not limited to a thumbwheel, lever, crank, slider, etc. . .that advances a new 
penetrating member 720 into launch position as seen in Figure 69 A. The mechanism lifts 
a bar that allows the protective cavity to return to its original position in the plane of the 
disc. 

In this embodiment as shown in Figure 69B, the penetrating member guide 722 
presses through foil in rear of pocket to 'Tiome" penetrating member and control vertical 
clearance. For ease of illustration, actuation devices for moving the penetrating rmember 
guide 722 and other mechanisms are not shown. They may be springs, cams, or other 
devices that can lower and move the components shown in these figures. In sorine 
embodiments, the cartridge 700 may be raised or lowered to engage the penetrating 
member guide 722 and other devices. 

As seen in Figure 69C, the plough or sterile enclosure release device 724- is 
lowered to engage the cartridge 700. In some embodiments, the disc or cartridge 700 
may raised part way upward until a plough or plow blade 724 pierces the sterility barrier 
726 which may be a foil covering. 

Referring now to Figure 69D, the plough 724 clears foil from front of po> cket and 
leaves it attained to cartridge 700. The plough 724 is driven radially inward, cutting 
open the sterility barrier and rolling the scrap into a coil ahead of the plough. Foil 
naturally curls over and forms tight coil when plough lead angle is around 55degs to 
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horizontal. If angle of the plough may be between about 60-40degs, preferably closer to 
55 degs. In some embodiments, the foil may be removed in such a maimer that the 
penetrating member does not need to pierce any sterile enclosure materials during launch. 

Referring now to Figure 69E, the gripper 716 may be lowered to engage the bare 
penetrating member or piercing member 720. Optionally, the disc or cartridge 8000 may 
be raised until the penetrating member 720 is pressed feirmly into the gripper 716. 
Although not shown in the present figure, the penetrating member driver or actuator of ■ 
the present embodiment may remain in the same horizontal plane as the penetrating 
member. 

As seen in Figure 69F, a bar 730 may be pressed downward on the outer end 732 
of the protective cavity to deflect it so it is clear of the path of the penetrating member. In 
the present embodiment, the bar 730 is shaped to allow the bare penetrating member 720 
to pass through. It should be understood that other shapes and orientations of the bar 
(such as contacting only one side or part of end 732) may be used to engage the end 732. 

Referring now to Figure 69G, an electrical solenoid or other electronic or feed- 
back controllable drive may actuate the gripper 716 radially outward, carrying the bare 
penetrating member 720 with it. The bare penetrating member projects from the 
protective case and into the skin of a finger or other tissue site that has been placed over 
the aperture of the actuator assembly Suitable penetrating member drivers are described 
in commonly assigned, copending U.S. Patent Application Ser. No. 1 0/127,395 (Attorney 
Docket No. 38187-2551) filed April 19, 2002. 

Referring now to Figure 69H, the solenoid or other suitable penetrating member 
driver retracts the bare penetrating member 720. into a retracted position where it parks 
until the beginning of the next lancing cycle. 

Referring now to Figure 691, bar 730 may be released so that the end 150 returns 
to an in-plane configuration with the cartridge 800. 

As seen in Figure 69J, the gripper 71 6 may drive a used bare penetrating member 
radially outward until the sharpened tip is embedded into a plastic wall 714 at or near the 
outward end 732 of the cavity thus immobilizing the contaminated penetrating member. 

As seen in Figures 69K and 69L, the plough 724, the gripper 7 16, and penetrating 
member guide 722 may all be disengaged from the bare penetrating member 720. 
Optionally, it should be understood that the advance mechanism may lower the cartridge 
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700 from the gripper 716. The used penetrating member, restrained by the tip embedded 
in plastic, and by the cover foil at the opposite end, is stripped from the gripper. The disc 
or cartridge 700 may be rotated until a new, sealed; sterile penetrating menrber is in 
position under the launch mechanism. 
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Referring now to Figures 70 and 71, one object for some embodiments of the 
invention is to include Wood samphng and sensing on .his penetrating ^er action 
de.ce.jn the present embodiment, the drive mechanism (gripper 738 and solenoid drive 
co, 9) may be used to drive a penetrating member into the skin and couple this lancing 
^toacquiretheblo.dsan.pleas.itformsatthesurfaceofthefinger In a&st 
embodnnent shown in Figure 70, micmfluidic modu,e 740 bearing the analyte detecting 
member chemistry and detection device 742 (figure 71) is couple oh to the shaft of the 
*^>^m.TI»*tocy*4^^^^ ih&modale 
740 so that it rests at the surface of the finger to acquire blood once the penetrating : 
member retracts from the wound. The module 740 is aHow* to remain on the surface of 
the finger or other tissue site until the gripper 738 has reached the back end 744 of the 
nncrofluidics module 740, M which point the module is also retracted into the cafcmg 
The amount of time the module 740 renxains on the finger, in this embodiment . may be 
vaned based on the distance the end 744 is located and the amounts time it takes the 
enpper to engage it on the withdrawal stroke. THe blood filled module 740, fflied while 
the moduleremainson pierced tissue site, may then undergo analyte detection by means 
such as optical or electrochemical sensing. 

Theblood may be filled in the lumen that the penetrating member was in or the 
module may have separately defined sample chambers to the side of the penetrating 
member lumen. The analyte detecting member may also be p.aced right at the immediate 
county or slightly setback from the module opening receiving blood so that .low blood 
volumes will sti„ reach the analyte detecting member. In some embodiments^ analyte 
sensmg device and a visual display or other interface may be on board the apparatus and 

a separate reader device. As seen in Figure 71, the cover 746 may also be clear to allow 
ibrhghttopasstln.ughforopticalsensing. The analytedetecting member may be used 
w.th low volumes such as Jess than about 1 microliter of sample, preferably Jess than • 

less man about 0.1 .microliter of sample. 

In another embodiment as seen in Figure 72, sensing elements 760 may be directly 
pnnted or forced on me top of bottom of the penetrating member cartridge 700 
dependmg on orientation. The bare penetrating member 720 is then actuated through a 
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hole 762 in the plastic facing, withdrawn into the radial cavity followed by the blood 
sample. Electrochemical or optical detection for analyte sensing may then be carried out 
(Figure 72). Again the cavity 766 may have a clear portion to allow light to pass for 
optical sensing, hi one embodiment, a multiplicity of miniaturized analyte detecting 
5 member fields may be placed on the floor of the radial cavity as shown in Figure 72 or on 
the microfluidic module shown in Figure 71 to allow many tests on a single analyte form 
a single drop of blood to improve accuracy and precision of measurement Although not 
limited in this manner, additional analyte detecting member fields or regions may also be 
included for calibration or other purposes. 
1 0 Referring now to Figure 73, a still further embodiment of a cartridge according to 

the present invention will be described. Figure 73 shows one embodiment of a cartridge 
800 which may be removably inserted into an apparatus for driving penetrating members 
to pierce skin or tissue. The cartridge 800 has a plurality of penetrating members 802 that 
may be individually or otherwise selectively actuated so that the penetrating members 802 
15 may extend outward from the cartridge, as indicated by arnrw 804, to penetrate tissue. In 
the present embodiment, the cartridge 800 may be based on a flat disc with a number of 
• penetrating members such as, but in no way limited to, (25, 50, 75, 1 00, . . .) arranged 
radially on the disc or cartridge 800. It should be understood that although the cartridge 
800 is shown as a disc or a disc-shaped housing, other shapes or configurations of the 
20 cartridge may also work without departing from the spirit of the present invention of 

placing a plurality of penetrating members to be engaged, singly or in some combination, 
by a penetrating member driver. 

Each penetrating member 802 may be contained in a cavity 806 in the cartridge 
800 with the penetrating member's sharpened end facing radially outward and may be in 
25 the same plane as that of the cartridge. The cavity 806 may be molded, pressed, forged, 
or otherwise formed in the cartridge. Although not limited Ln this manner, the ends of the 
cavities 806 may be divided into individual fingers (such as one for each cavity) on the 
outer periphery of the disc. The particular shape of each cavity 806 may be designed to 
suit the size or shape of the penetrating member therein or ttie amount of space desired for 
* 30 placement oijhe analyte detecting members 808. For example and not limitation, the 

cavity 806 may have a V-shaped cross-section, a U-shaped cross-section, C-shaped cross- 
section, a multi-level cross section or the other cross-sections. The opening 810 through 
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whicn a pen^ taeniber m „ ami , „ fM ^ ^ ^ ^ 

U-shaped ^ a tot ^ ^ ^ & 

opening wilt, more clearance on Ike sides , ,11, .„ « .. °P**,an 
shapes. . " ,eS,deS ' ilS '''-» c «''«^»»» S ».vv 0illHgm75 , 0 , 

lie iJ^M™ °" b ° d ™ ra '' ^ te Pe«Wtin 6 member 802 is re^e, „«, 
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aece^ H . lolh8user(i ., to, away fi „ M a pe™^, Member „ ilopimmj) ,„ w 
to nolo ^per^fng meinber in place ^ ^ ^ ^ J 

tune or condition 33 deemed desirable by the user. 

Referring still to the embodiment in Figure 73, the cartridge 80O may provide 
sten e for pe^ membeR3 ^ ^ ^ ^ ^ 

sannlar materials used to sea, the cavities and provide enc.osed areas for the pending . 

^iz^ir " preseDt emb °^ a ** ° r seai 820 * - « 

-face ofthecartndge 800. Tneseallayer 820 may be made of avariety ofmaterials 

quahty tha may provide a sealed, sterile environment until the seal layer 820 is penetrate 
bya^table 

open^e^ 

%er 820 m a manner such that the opening of one cavity dpes no, interfere with the 
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surface, or other positioned surface. For ease of illustration and discussion o>f the 
embodiment of Figure 73 , the layer 820 is placed on a top surface of the cartridge 800. 
The cavities 806 holding the penetrating members 802 are sealed on by the foil layer 820 
and thus create the sterile environments for the penetrating members. The foil layer 820 
5 may seal a plurality of cavities 806 or only a select number of cavities as desired. 

In a still further feature of Figure 73, the cartridge 800 may optionally include a 
plurality of analyte detecting members 808 on a substrate 822 which may be attached to a 
k>ttom surface of me cartridge 800. The substrate may be made of a material such as, but 
not limited to, a polymer, a foil, or other material suitable for attaching to a cartridge and 
10 holding the analyte detecting members 808. As seen in Figure 73, the substrate 822 may 
hold a plurality of analyte detecting members, such as but not limited to, abo^it 1 0-50, 50- 
100, or other combinations of analyte detecting members, This facilitates the assembly 
and integration of analyte.detectmg meinbers 808 wim cartridge 800. These analyte 
detecting members 808 may enable an integrated body fluid sampling system where the 
1 5 penetrating members 802 create a wound tract in a target tissue, which expresses body 
fluid that flows into the cartridge for analyte detection by at least one of the analyte 
detecting members 808. The substrate 822 may contain any number of analyte detecting 
members 808 suitable for detecting analytes in cartridge having a plurality of cavities 
806. In one embodiment, many analyte detecting members 808 may be printed onto a 
20 single substrate 822 which is then adhered to the cartridge to facilitate manufacturing and 
simplify assembly. The analyte detecting members 808 may be electrochemical in nature. 
The analyte detecting members 808 may further contain enzymes, dyes, or other detectors 
which react when exposed to the desired analyte. Additionally, the analyte detecting 
members 808 may comprise of clear optical windows that allow light to pass into the 
25 body fluid for analyte analysis. The number, location, and type of analyte detecting 
member 808 may be vari ed as desired, based in part on the design of the cartridge, 
number of analytes to be measured, the need for analyte detecting member calibration, 
and the sensitivity of the analyte detecting members. If the cartridge 800 uses an analyte 
detecting member arrangement where the analyte detecting members are on a substrate 
30 attached to thq&ottorri of the cartridge, there may be through holes (as shown in Figure 
76), wicking elements, capillary tube or other devices on the cartridge 800 to allow body 
fluid to flow from the cartridge to the analyte detecting members 808 for analysis. In 
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other configurations, the analyte detecting members 808 may be printed, formed or 
otherwise located directly in the cavities housing the penetrating members 802 or areas on 
the cartridge surface that receive blood after lancing. 

The use of the seal layer 820 and substrate or analyte detecting memb er layer 822 
> mayfacd.tatememanufact^eofthesecartridges 10. Forexample, a single seallayer 
820 may be adhered, attached, or otherwise coupled to the cartridge 800 as indicatedby 
arrows 824 to seal many of the cavities 806 at one time. A sheet 822 of analyte detecting 
members may also be adhered, attached, or otherwise coupled to the cartridge 800 as 
indicated by arrows 825 to provide many analyte detecting members on the cartridge at 
; one time. During manufacturing of one embodiment of the present invention, the 
cartridge 800 may be loaded with penetrating members 802, sealed ^th layer' 820 and a 
temporary layer (not shown) on the bottom where substrate 822 would later go, to provide 
a sealed environment for the penetrating members. This assembly with the temporary 
bottom layer is then taken to be sterilized: After sterilization, the assembly is taken to a 
clean room (or it may already be in a clear room or equivalent environment) where the 
temporary bottom layer is removed and the substrate 822 with analyte detecting members 
is coupled to the cartridge as shown in Figure 73. This process allocs for the sterile 
assembly of the cartridge with the penetrating members 802 using processes and/or 
temperatures that may degrade the accuracy or functionality of the analyte detecting 
members on substrate 822. As a nonlimiting example, the entire cartridge 800 may then 
be placed in a further sealed container such as a pouch, bag, plastic molded container, 
etc. . .to facilitate contact, improve ruggedness, and/or allow for easi er handling. 

In some embodiments, more than one seal layer 820 may be used to seal the 
cavities 806. As examples of some embodiments, multiple layers may be placed over 
each cavity 806, half or some selected portion of the cavities may be sealed with one 
layer with the other half or selected portion of the cavities sealed with another sheet or 
layer, different shaped cavities may use different seal layer, or the like. The seal layer 
820 may have different physical properties, such as those covering the penetrating 
members 802 near the end of the cartridge may have a different color such as red to 
indicate totte user (if visually inspectable) that the nser is down to say 1 0, 5, or other 
nnmber of penetrating members before the cartridge should be changed out 
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Refeiring now to Figures 74 and 75, one embodiment of the microfluidics used 
with the anaJyte detecting members 808 in cartridge 800 will now be described. For ease 
of illustration, the shape of cavity 806 has been simplified into a simple wedge shape. It 
should be understood that more sophisticated configurations such as that shown in Figure 
73 may be used. Figure 74 shows a channel 826 that assists in drawing body fluid 
towards the analyte detecting members 808. In the present embodiment, two analyte 
detecting members 808 are shown in the cavity 806. This is purely for illustrative 
purposes as the cavity 806 may have one analyte detecting member or any other number 
of analyte detecting members as desired. Body fluid entering cavity 806, while filling 
part of the cavity, will also be drawn by capillary action through the groove 826 towards 
the analyte detecting members 808. The analyte detecting members 808 may all perform 
the same analysis, they may each perform different types of analysis, or there inay be 
some combination of the two (some sensors perform same analysis while others perform 
. other analysis). 

Figure 75 shows a perspective view of a cutout of the cavity 806. The penetrating 
member 802 (shown in phantom) is housed in the cavity 806 and may extend outward 
through a penetrating member exit opening 830 as indicated by arrow 832. Trxe position 
of the tip of penetrating member 802 may vary, such as being near the penetrating 
member exit port or spaced apart from the exit The location of the tip relative to the 
analyte detecting member 808 may also be varied, such as being spaced apart or away 
from the analyte detecting member or collocated or in the immediate vicinity of the 
analyte detecting member. Fluid may then enter the cavity 806 and directed b;y channel 
826. The channel 826 as shown in Figure 75 is a groove that is open on top. The channel 
826 may be entirely a groove with an open top or it may have a portion that is lias a 
sealed top forming a lumen, or still furfoer,~the groove may be closed except for an 
opening near the penetrating member exit opening 830. It should be understood that 
capillary action can be achieved using a groove having one surface uncovered. In some 
embodiments, the analyte detecting member 808 is positioned close to the penetrating 
member exit opening 830 so that the analyte detecting member 808 may not need a 
capillary groove or channel to draw body fluid, such as in Figure 78. - 

As seen in Figures 75 and 76, the cavity 806 may include the substrate 822 
coupled to its bottom surface containing the analyte detecting members 808. With the 
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feting «n,he„ 808 toted .„ theoo^ide of the carti^ 800 » ^i, 
^ 1 deapa ssag e f „rb»d yf , u i d ,o passfe)ma , ecaviWto tteamlyl(>detec 
«»-d . the cvit, 806 M mmber of ^ ^ mmibm 8()8 

M ta, the w 826 to down to the „, lyte dete^ nmber „ ^ ^ " 

hole or holes 834. """ugn 

^ Refe ™gn°wtoFi^^^ 

configurations are shown on a single cartridge.. These configurations are shown only for 
^^vepurposesandas^ . 
configuration, Some embedments may use any of the detecting members, ^ or ffl 
combmation. It should be understood, however, that analyte detecting member 
configuration could be customized for each cavity, such as but not limited to, using a 
client number and location of analyte detecting members depending lancing variables 
« with mat cavity, such as but not limited to, the time of day of the lancing event, 
the type of analyte to be measured, the test site to be lanced, stratum corneum hydration 
or other lancmg parameter. As a nominating example, the detecting members may be ' 

20 T! f ^ ^ ^ OUt6r ° f % ^ m ° re ° n * ^ Wa » S » Nation, 

or the like. 

Figure 77 shows a penetrating member 802 in a cavity 83 8 with three analyte 
detectingmembers 808 in the cavity. For ease of ilmstration, the penetrating member 802 
is omitted from the remaining cavities so that the analyte detecting member 
configurations can be more easily seeti. Cavity 840 has a channel 826 with two analyte 
detecting members 808, Cavity 842 has a channel 844 coaled to a single analyte 
detecting member 808. Cavities 846 and 848 have one and two analyte detecting 
members 808, respectively. The analyte detecting members 808 in those cavities may be 
locateddnectlya..^ 

penetrating member exit Other analyte detecting member configurations are also 
possmle, s,ch as but not limited to, placing one or more analyte detecting members on a 
.ade wall of the cavi ty, placing the analyte detecting members in particular arrays (for 
example, a linear array, triangular array> square ^ ^ } on the side wal] Qr ^ 
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surface, using mixed types of analyte detecting members (for example, electrochemical 
and optical, or some other combination), or mixed positioning of analyte detecting 
members (for example, at least one analyte detecting member on the substrate below the 
cartridge and at least one analyte detecting member in the cavity). 
5 Figure 78 shows an embodiment of cartridge 800 where the analyte detecting 

member 850 is located near the distal end of cavity 806. The analyte detecting member 
850 may be formed, deposited, or otherwise attached there to the cartridge 800. In 
another embodiment, the analyte detecting member 850 may be a well or indentation 
having a bottom with sufficient transparency to allow an optical analyte detecting 
1 0 member to detect analytes in fluid deposited in the well or indentation. The well or 

indentation may also include some analyte reagent that reacts (fluoresces, changes colors, 
or presents other detectable qualities) when body fluid is placed in the well. In a still 
further embodiment, analyte detecting member 850 may be replaced with a through hole 
that allow fluid to pass there through. An analyte detecting member 808 on a substrate 
15 822 may be attached to the underside of the cartridge 800, accessing fluid passing from 
the cavity 806 down to the analyte detecting member 808. 

As mentioned above, the analyte detecting members 808 may also be placed right 
at the immediate vicinity ot slightly setback from the module opening receiving blood so 
that low blood volumes will still reach the analyte detecting member. The analyte 
20 detecting members 808 may be used with low volumes such as less than about 1 

microliter of sample, preferably less than about 0.6 microliter, more preferably less than 
about 0.3 microliter, and most preferably less than about 0.1 jnicroliter of sample. 
Analyte detecting members 808 may also be directly printed or formed on the bottom of 
mepenetratmgmember.cartridge 800. In one embodiment, amultiplicity of rniniaturized 
25 analyte detecting member fields may be placed on the floor of the radial cavity or on the 
microfluidic module to allow many tests on a single analyte form a single drop of blood 
to improve accuracy and precision of measurement Although not limited in this manner, 
additional analyte detecting member fields or regions may also be included for cahbration 
or other purposes. 

30 Retiring nowto Figures 79-84, further embodiments of the cartridge 800 will 

now be described. Figure 79 shows a cartridge 860 having a half-circular shape. Figure 
80 shows a cartridge 862 in the shape of a partial curve. Figure 80 also shows that the 
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cartridges 862 may be stacked in various configurations such as. vertically, horizontally, 
or in other orientations. Figure 8 1 shows a cartridge 864 having a substantially straight] 
hnear configuration. Figure 82 shows a plurality of cartridges 864 arranged to extend ' 
radially outward from a center 866. Each cartridge may be on a slide (not shown for 
i simplicity) that allows the cartridge 864 to slide radially outward to be aligned with a 
penetrating member launcher. After use, the cartridge 864 is shde back towards the 
center 866 and the entire assembly is rotated as indicated by arrow 868 to bring a new 
cartridge 864 into position for use with a penetrating member driver. Figure 83 shows a 
still further embodiment where a plurality of cartridges 800 may be stacked for use with a 
penetrating member driver (see Figure 85). The driver may be moved to align itself with 
each cartridge 800 or the cartridges may be moved to alight themselves with the driver. 
Figure 84 shows a still further embodiment where a plurality of cartridge 864 are coupled 
together with a flexible support to define an array. A roller 870 may be used to move the 
cartridges 864 into position to be actuated by the penetrating member driver 872. 

Referring now to Figure 85, one embodiment of an apparatus 880 using a radial 
cartridge 800 with a penetrating member driver 882 is shown. A contoured surface 884 is 
located near a penetrating member exit port 886, allowing for a patient to place their 
finger in position for lancing. Although not shown, the a PP aratus : 880 may include a 
human readable or other type of visual display to relay status to the user. The display 
may also show measured analyte levels or other measurement or feedback to the user 
without the need to plug apparatus 880 or a separate test strip into a separate analyte 
reader device. The apparatus 880 may include a processor or other logic for actuating the 
penetrating member or for measuring the analyte levels; The cartridge 800 may be loaded 
into the apparatus 880 by opening a top housing of the apparatus which may be hinged or 
removably coupled to a bottom housing. The cartridge 800 may also drawn into the 
apparatus 880 using a loading mechanism similar in spirit to that found on a compact disc 
player or the like. In such an embodiment, the apparatus may have a slot (similar to a CD 
player i„ an automobile) that allows for the insertion of the cartridge 800 into the 
apparatus 880 which is then automatically loaded into position or otherwise seated in the 
apparatus for operation therein. The loading mechanism maybe mechanically powered 
or electrically powered. In some embodiments, the loading mechanism may use a loading 
tray in addition to the slot The slotmay be placed higher on the housing so that the 
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cartridge 800 will have enough clearance to be loaded into the device and then dropped 
down over the penetrating member drrver 882. The cartridge 800 may have an indicator 
mark or indexing device that allows the cartridge to be properly aligned by the loading 
mechanism or an aligning mechanism once the cartridge 800 is placed into the apparatus 
5 880. The cartridge 800 may rest on a radial platform that rotates about the penetrating, 
member driver 882, thus providing a method for advancing the cartridge to bring unused 
penetrating members to engagement with the penetrating member driver. The cartridge 
800 on its underside or other surface, may shaped or contoured such as with notches, 
grooves, tractor holes, optical markers, or the like to facilitate handling and/or indexing of 
1 0 the cartridge. These shapes or surfaces may also be varied so as to indicate that the 
cartridge is almost out 01 unusea pejie ti auug mcmucaa, lum mCiC «u ^ *i y ^ 
members left, or some other cartridge status indicator as desired. 

A suitable method and apparatus for loading penetrating members 
described previously in commonly assigned, copending U.S. patent applications Attorney 
15 Docket 38187-2589 and 38187-2590, and are included hereby reference for all purposes. 
Suitable devices for engaging the penetrating members and for removing protective 
materials associated with the penetrating member cavity are described in commonly 
assigned, copending U.S. patent applications Attorney Docket 38187-2601 and 38187- 
2602, and are included here by reference for all purposes. For example in the 
20 embodiment of Figure 78, the foil or seal layer 820 may cover the cavity by extending 
across the cavity along a top surface 890 and down along the angled surface 892 to 
provide a sealed, sterile environment for the penetrating member and analyte detecting 
members therein. A piercing element described in U.S. patent applications Attorney 
Docket 381 87-2602 has a piercing element and then a shaped portion behind the element 
25 which pushes the foil to the sides of the cavity or other position so that the penetrating 
member 802 may be actuated and body fluid may flow into the cavity. 

Referring now to Figure 86, a still further embodiment of a lancing system 
according to the present invention will be described. A radial cartridge 500 may be 
incorporated for use with a penetrating member driver 882. A penetrating member may 
30 be driven outward as indicated by arrow 894. A plurality of analyte detecting members 
are presented on a roll 895 that is laid out near a penetrating member exit. The roll 895 
may be advanced as indicated by arrow 896 so that used analyte detecting members are 
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-sequencewathnewunusedpenetratingmembersofcartndgeSOO 
handhelddevice. ««^.^500^^ te ^ faM ^ 

» tenn of densny of anaJyte detecting members and 

enAodunent or the total envelopes number can be divided by the number of 
pene^ngnae.nbe.ornun.beroftests. This result is the volume per penetrating 

mventton, the total vo lume of the cartridge 500 is detennined to be 453 cubic 
Dn^g me voW by 50j ^ voW ^ test . ^ ^ Q cuwc 
Conventual test devices such as drum is in the range of 0.720 or 0.670 cubic 

mcfcdepenetrating.nembe. as does Represent embodiment 800. Thus, the present 

for ^ device, does not include penetrating memb ^ only packaging per test ^ 
Each^enetrating m e,nber (or penetrating memb er and analyte detecting member, 
- tbeca S e m a y be) mayh ave a packing density, occupied volume, in cartridge 500. 
In vanous embodiments, the packing density or occupied vol™, of each penetrating 
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member in cartridge 50O may be no more than about 0.66 cm3, 0.05 cm3, 0.4 cm3, 0.3 
cm3, 0.2 cm3, 0. 1 cm3, O.075 cm3, 0.05 cm3, 0.025 crh3, 0.01 cm3, 0.090 cm3, 0.080 
cm3, and the like. These numbers applicable to volumes for penetrating members alone, 
or for combined penetrating members and analyte detecting members. In other words, the 

5 volume required for each penetrating member does not exceed 0.66 cm3/penetrating 
member, 0.05 cm3/penetrating member, 0.4 qm3/penetrating member, 0.3 
cm3/penetrating member, 0.2 CTn3/penetanrig member, 0.1 cm3/peiietratirig member, 
0.075 cm3/penetrating member, 0.05 cm3/penetrating member, 0.025 cm3/penetrating 
member, 0.6l cm3/penetrating member, 0.090 cni3/penetrating member and the like. So, 

i 0 if the total package volume of the cartridge is defined as X and the cartridge includes Y 
number of penetrating members, penetrating members and test area, or other unit 395, the 
volume for each unit does not exceed 0.66 cm3, 0.05 cm3, 0.4 cm3, 0.3 cm3, 0.2 cm3, 0.1 
cm3, 0.075 cm3, 0.05 cm3, 0.025 cm3, 0.01 crn3, 0.090 cm3, 0.080 cm3, and the like. 
Referring now. to Figure 87B, a still further embodiment of a cartridge according 

15 to the present invention will now be described. Figure 87B shows a. cross-section of a 
conical shaped cartridge with the penetrating member being oriented in one embodiment 
to move radially outward as indicated by arrow 897. Li another embodiment, the 
penetrating member may be oriented to move radially inward as indicated by arrow 895. 
The gripper may be positioned to engage the penetrating member from an inner surface or 

20 an outer surface of the cartridge. 

Referring now to Figure 88, nanowires may also be used to create low volume 
analyte detecting members used with the cartridge 800. Further details of a nanowire 
device is described in commonly assigned, copending U.S. Provisional Patent Application 
Ser. No. 607433,286 (Attorney Docket No. 38187-2605) filed December 13, 2002, fully 

25 incorporated herein by reference for all purposes. These nanowire analyte detecting 
members 898 may be incorporated into the cavity 806 housing the penetrating member 
802. They may be placed on the floor or bottom surface of the cavity 806, on the wall, on 
the top surface, or any combinations of some or all of these possibilities. The analyte 
detecting members 898 maybe designed to have different sensitivity ranges so as to 

30 enhance the qyerall sensitivity of an array of such analyte detecting members. Methods 
to achieve this may include, but are not limited to, using nanowires of varying sizes, 
varying the number of nanowires, or varying the amount of glucose oxidase or other 
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-y be deseed to use low volumes of body fluid for each sample, due to their size In 
-J « odiments, each of the analyte detecting members are accurate^ ^ of 

£ teCti 7 m T CIS " 3CCUrate "* V ° 1UmeS ° f ^ flUld ^ *- than 
about 300 nanohters. m st il, other embodiments, each analyte detecting member is 

1 0 nanohters, less than about 5 nanoliters, and less than about 1 natters of body *»id 
J- than 300 nanoliters of body fluid to arrive at an analyte measurement 
- » be descnbed. Figure 89 shows one embodiment of an optica, iUumination system 

w,h a body ^,d sample. The overall system may include a plurality of analyte detecting- 
-mbe, wmch provide some optical indicatory ^.source 9,2 for providing ligfct » 

asam pIe ofthe^d of unWn composition A plurality of analyte detectmg nLbers 
may be ^ mto m ^ rf ^ ^ ^ ^ ^ ^ 

each group targeting a specific .alyte and may contain an analyte-specific chemic.1 that 
tots more specifically with one amuyte than with some other analytes to be ana^ed 

maxmnze overall s^^ 

source 91 2 shines light on at least one analyte detecting member to cause light 
.nten.cho, T.e feces in the analyte detecting members may led to differences in 
Ae hght mteraction. The light detector detects the light interaction by the analyte 
detectmg members. The processor analyzes the Hght interaction by the analyte denting 

J-bers to talce into account interference m light mteraction among the analytes. thereby 

determmmg the concentration of the desired analyte in the fluid. 

Referring still ,o the embodiment of Figure 89, the light source 9,2 may be but is 

not hmited to an LED. An alternative LED 91 5 may also be used with the present 

H.ven,,o„. Light, illumination, or excitation energy from LED 912 travels along a path 
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through a pinhole 916, a filter 917, and a lens 918. The light then comes into contact with 
a beamsplitter 919 such as a dichroic mirror or other device useful for beamsplitting. The 
light is then directed towards lens 920 as indicated by arrow 921 . The lens 920 focuses 
light onto the analyte detecting member (Figure 91). This excitation energy may cause a 
5 detectable optical indicator from the analyte detecting member. By way of example and 
not limitation, fluoresceace energy may be reflected bay up the lens 920. This energy 
passes through the beamsplitter 919 and to lens 922 which is then received by detector 
91 4 as indicated by arrow 923. The detector 914 measures the energy and this 
information is passed on to the processor (not shown) to determine analyte levels. The 

10 illumination system 910 may also include cells 924 on the disc surface. In this specific 
embodiment, a penetrating member 925 drive by a force generator 926 such as but not 
limited to a solenoid may be used to obtain the fluid sample. A detent 927 may also be 
included with the device along with other bare lancets or penetrating members 928. 

Referring now to Pigure 90, another embodiment of the illumination system 91 0 is 

1 5 shown for use with a cartridge 929. Cartridge 929 is similar to cartridge 800. Cartridge 
929 is a single cartridge tiaving a plurality of penetrating members and a plurality of 
optical analyte detecting members (not shown). The cartridge 929 further includes a 
plurality of optically transparent portions 930 which may be but is not limited to windows 
or the like for the light from LED 912 to shine into a cavity of the cartridge 929. In one 

20 embodiment, each cavity of the cartridge 929 may include at least one transparent portion 
930. This allows the light to generate energy that may be read by analyte detecting 
member 914. The cartridge 929 may be used a driver 882 to actuate penetrating members 
and the cartridge 929 may rotate as indicated by arrow 93 1 . 

Referring now to Figure 9 1 , a cross-section of a similar embodiment of the 

25 illumination system is shown. This system 932 has source 912 with a lens 933 having an 
excitation filter 934. This excitation filter 934, in one embodiment, only allows excitation 
energy to pass. This filter 934 allows the excitation energy to pass to dichroic mirror 935, 
but does not let it return to source 912. Excitation energy is reflected down as indicated 
by arrow 936. Lens 937 focuses the energy to optical analyte detecting member 938. 

30 Fluorescence energy 939 passes through the dichroic mirror 935 and towards a 
fluorescent filter 940. In one embodiment, the fluorescent filter 940 only allows 
fluorescent energy to pass through to lens 941. Thus, the detector 914 only receives 



10 



15 



20 



25 



10 



WO 2005/00K18 

PCT/US2004/017063 



59 

0"^^^^^^^^^,^^ It should be understood of 
course, that the filter may be changed to allow the type of energy being generated by 
an^edetecting^be.PSStopas, In some embodiments, no filtermay be used The 
cuchrcc mirror 935 rx.y be a Bk7 substrate, 63x40x8mn, The filters may also be a B k7 . 
substrate about 40m™ h, diameter and about 6mm thick. The lens 933, 937, a^d 94, may 
be achormat:bfl^53.6, working aperture 38mm. >aixJ941may 

94 2 ,rr g r to mme n - a stiu ^ ° f « 

942 wtll be descnbed. This system does not use a beamsplitter or dichmic mirxor 
Instead, both the source pr LED 912 and detector 914 have direct line of sight to the 
q-M^d.^™^^ mthisembodimen^ultipleelementsare 
combmedinto a single housing. For example, lens 943 Jens 944, and filter 945 are ' 
combmed while lens 946, lens 947, and filter 948 are also combined. 
Ref ^°w to Figure^^^ 

89,sshowninah O using950. LED 912 sends light to mirror 919 to a light path 951 to 
cel,s 924 on a surface of the disc, A finger access 952 aUows a sample to be obtained and 
o^ gaH ^ ly953lobe ^ ATO954maybe ^ 

detector 914 to analyze the results. 

90 wdl be further descnbed. This shows a cartridge 929 used with a driver 882 This 
allows for a radial design where the penetrating members extend radially outward as 
^cated by arrow 955. ^^^ ¥n .^^^ nt , l ^ m 
^cated by arrow 956. Figures 95 and 96 provide furmer views of a system similar to 
*at of ttgure 89. The embodiment of Figures'95 and 96 may include addition! lenses or 
filters as may be useful to refine energy detection. 
. Refe ™S^toK^ 

depth. ^'P^^^y.^^^y^a^^^^ offlie 
-nbound trajectory is shown in Figure 97. In this embodiment, Phase I corresponds to the 
stratum comeum, phase II to the epidermis and phase III to the dermis. At each phase 
(and dun„ g %phase)) the options m {q cmrent ve]ocitVj increase 

velocaty or decrease current velocity. Based on the thickness of the stratum corneum 
velocty c.uld be monitored and changed in this embodiment at 9 points in the stratum 
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corneum, 6 points in the epidermis, and 29 points in the dermis using the four edge 
detection algorithm and the 360 strips per inch encoder strip. It should be noted that 
although the embodiment of the driver discussed herein produces the previously 
discussed number of monitoring points for a given displacement, other driver and position 
5 sensor embodiments may be used that would give higher or lower resolution. 



viewed as having three distinct regions or tissue layers: the stratum corneum SC (Phase 



impact the skin and initiate cutting through the stratum corneum. The stratum corneum is 
hard, hence in this embodiment, maximum velocity of the penetrating member 10 may be 
employed to efficiently cut through this layer, and this velocity may be maintained 

1 5 constant until the lancet passes through the layer. Power will likely need to be applied to 
the lancet drive 12 while the lancet is cutting through the stratum corneum. in order to 
maintain the first velocity. Average stratum corneum thickness is about 225 um. Using a 
four-edge detection algorithm for the position sensor 14 of this embodiment, the 
opportunity to verify and feed back velocity information can be carried ovrt at 225/1 7 or 

20 roughly 13 points. In another embodiment accelerating through the statum corneum 
following impact may improve cutting efficiency. Acceleration may be possible if the 
lancet has not reached its target or desired velocity before impact. Figure 4 shows the 
result of increasing ((a) arrows, maintaining ((b) arrows) or reducing ((c) arrows) velocity 
on the lancet traj ectory for each of the tissue layers. 

25 On reaching the epidermis E (Phase H), an embodiment of a method may decrease 

the velocity ((c) arrows) from the first velocity so that tissue compression is reduced in 
this second tissue layer. Thus the lancet 10, in this nonlimiting example, may have a 
second desired velocity that is less than the first velocity. The reduced speed in the 
second tissue layer may reduce the pain experienced by the mechano receptor nerve cells 

30 in the dermal lawyer (third tissue layer). In the absence of tissue compression effects on the 
dermal layer, however, lancet velocity may be kept constant for efficient cutting (i.e. 



For the purposes of the present discussion for this nonlimiting example, the skin is 



I), the epidermis E (Phase H) and the dermis D (Phase HI). In one embodiment, the lancet 
or penetrating member 10 is accelerated to a first desired velocity. This velocity may be 
predetermined or it may be calculated by the processor during actuation. The processor is 
also used to control the lancet velocity in tissue. At this velocity, the lancet 10 will 
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second velocity may be maintained the same as the first velocity), fa another 
embodiment, velocity may be increased in the second tissue layer from the first velocity 

In Phase HI, the lancet or penetrating member 1 0 may reach the Wood vessels and 
cut them to yield blood. The innervation of this third tissue layer and hence pain 
■ perception during lancing could be easily affected by the velocity profile chosen. In one 

mnnnnze nerve stimulation while mamtaining cutting efficiency. One embodiment 
would involve reducing velocity from the second velocity to minimize pain, and may 
increase it just before the blood, vessels to be cut the number of velocity measurement 
steps possible for the position sensor described above in the dermis is approximately 58 
^^^^m^^yaod^^^^^ Tb.e profile with the 
least amount of pain on lancing, yielding a. successful blood sample would be 
programmable into the device, 

Currently users optimize depth settings on mechanical launchers by testing 
various settings and through usage, settle on a desired setting based on lancing comfort 
Embodiments of the device and methods discussed herein provide a variety of velocity 
profiles (Figure 97), which can be optimized by the user for controlled lancing, and may 
include: controlling the cutting speed of a lancet with the lancet within the skin; adjusting 
the velocity profile of the lancet while the lancet is in the skin based upon the 
composition of the skin layers; lancing according to precise regional velocity profiles 
based on variation in cell type from the surface of the skin down through the epidermis 
anddenms; lancing at a desired velocity through any tissue layer and varying the 
velocity for each layer. This may include maximum velocity through tfxe stratum 
comeum, mediation of velocity through epidermis to minimize shock waves to pain 
sensors in dermis, and mediation of velocity through dermis for efficient cutting of blood 
vesselsvvimoutstimulatingpainreceptors. Additional details may be found in commonly 
ass lg „ed, co-pending U.S. Patent Application Ser. No.. 10/420,535 (Attorney Docket No. 
38187-2664) filed April 21, 2003, included herein by reference. 

Referring now to Figure 98, a still further embodiment of an actuator according to 
ftepresentfmventionwillnowbedescribed, The present invention relates to an actuator 
1 01 0 that will launch a lancet or penetrating member 1 020 into skin or an anatomical 
feature in a controlled manner so as to produce a small drop of blood or body fluid while 
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minimizing patient discomfort. As a nonlimiting example, energy stored in a compressed 
spring, gas, or other actuation technique is released to actuate a lancet 1 020. Through the 
use of processor 1012, the motion of the lancet or penetrating member 1020 is controlled 
by an iron-loaded fluid 1022 that changes viscosity in response to an imposed magnetic 

5 field. A motor or other device (not shown) may be used to control thie retraction rate of 
the lancet 1020 from the skin or other targeted anatomical feature. It should be 
understood, of course, that other magnetically controllable fluid as known to those skilled 
in the art may also be used. 

Figure 98 documents the concept of using a magnetic fluid to> control the action of 

10 a mechanical spring. In the embodiment of Figure 98, energy is stored in the compressed 
spring and released at the time of actuation. As previously discussed., other actuators 
besides the compressed spring may also be used without departing from the spirit of the 
present invention. The motion of the lancet is controlled by means of an electromagnet 
that is arranged to produce a magnetic field in a fluid consisting of fbae iron particles 

.15 suspended in oil, silicone fluid, or other medium. When a magnetic £eld is imposed on 
the fluid, the iron particles align with the field, and resist motion. Fluid firmness 
increases with field strength. A suitable fluid can be purchased as MIRF-132AD 
Rheonetic Fluid from Lord Corporation (888) 8 1 1 -5 673 . 

Figure 99 provide details about launching and resetting the actuator for the present 

20 embodiment. A firing catch 1030 is shown to hold the spring 1010 in a cocked position 
prior to firing. An optically reflective member such as a flag 1032 is shown attached to 
the lancet coupler 1034 to provide position feedback through an optical position 
transducer. In some embodiments, the flag 1032 maybe attached to a drive shaft (not 
shown). This feedback allows a processor 1012 to modulate the current to the 

25 electromagnetic coil or other magnetic field generator as known to one skilled in the art, 
to control the actuation profile of the lancet. A disc 1036 is shown attached to the 
penetrating member coupler 1034 and the disc is submerged in the rkeonetic fluid. 
Suitable seals may be used to contain the fluid while allowing the shaft 1038 to pass 
through the dashpot chamber. In some embodiments, the disc 1036 is mounted about 

30 shaft 1040 ajad the entire dashpot chamber is also mounted about a portion of the shaft * 
1040. A motor 1042, or other retraction device is shown to move the dashpot and carry 
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the drive shaft back to the cocked position Th» mnt ,u 

desired «m v ' ' hen resets »e dashpot to the 

desned stop po sl , IO n,and the actuation cycle is ready to repeat 

10 means, the retraction speed ofthe^cet can be controlled 
reduced^^^ 

^rough ^ l-DC ^ |iWl Themo ^ s 

energy from a battery at a much lower rate and over a Wer tW „• • 
efBcientbatteryuse. Ver a ^ tnne, resultrng m more 

» Figured sh o WS that embodiments of the lancet actuators of Figures 98 and 99 

. Figure 101 shows a more detailed view of one embodiment of aWomagnetic 
«- generator 1052 couple to apower so.ee 1054 control by a processor 1012 
• Rgure , 02 shows a m ^ ^ ^ ^ ^ ^ ^ 

™* embo^men, includes an actuator 1010 (shown in this nominating example^ be a • 

^ta.^^^ The launch device of Figure 
Plurahty ofpenetratingmembers 1020 which may be coupled to the coupler 1034 
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Referring still to Figure 102, energy is stored in the compressed spring used as 
actuator 1010 and is released at the time of actuation. In this embodiment, the motion of 
the penetrating member 1020 is controlled by an electromagnet 1 052 that is arranged to 
produce a magnetic field in a fluid consisting of fine iron particles or other material 
suspended in but not limited to oil, silicone fluid, or other medium. When a magnetic 
field is imposed on the fluid, the iron particles align with the field, and resist motion. 
Fluid firmness increases wim field strength. Such fluid can be purchased as MRF-132AD 
Rheonetic Fluid from Lord Corporation (888) 811-5673. A flag is shown attached to the 
drive shaft to provide position feedback through an optical position transducer. This 
feedback allows a processor to modulate the current to the electromagnetic coil to control 
the actuation profile of the lancet. A disc is shown attached to the drive shaft and 
submerged in the rheonetic fluid. Suitable seals are required to contain the fluid while 
allowing the shaft to pass through the dashpot chamber: A motor, or other driving device 
is shown to move the dashpot and carry the drive shaft back to the cocked position. The 
motor then resets the dashpot to the desired stop position, and the actuation cycle is ready 
to repeat. The advantage of this design is that each actuator may be matched to a portion 
of the actuation cycle. Rapid energy release is provided by the spring to bring the lancet 
up to speed. Excess energy stored in the spring allows the actuator to maintain the 
desired lancet speed regardless of skin consistency. The rheonetic fluid in the dashpot, 
controlled by the electromagnet, dissipates the excess energy from the spring. Of course, 
other dashpots or dampers as disclosed herein or as known to one of skill in the art may 
also be used. In one embodiment, a DC reset motor can be driven at variable speeds by 
controlling the motor drive current. By this motor, the retraction speed of the penetrating 
member 1020 can be controlled. A second advantage of this invention is that power 
consumption is reduced through the use of a small DC motor instead of a solenoid. The 
motor draws energy from a battery at a much lower rate and over a longer time, resulting 
in more efficient battery use. This hybrid device could also be configured to yield a 
smart braking" pattern so that residual pain is minimized. 

Referring now to Figures 103 A to 103E, a still further embodiment of a lancing 
apparatus rejates to the spring actuation of a lancet to pierce the skin of a finger to 
produce a drop of blood for analysis. Blood yield may be increased by causing the lancet 
to dwell at the end of its stroke, and then retract at a slower rate. 
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As seen in Figure 103A, one embodiment of a simple lancet launcherl060 

^^^r^^oe^^^^ 1064thatisattachedtoa 

^cet or penetrating member ,020 that pierces the skin or a targeted anatomic*, feature 
When released (as seen in Figure 103B), the spring 1062 acetates the mass 1064 to a ' 

SPCed * " *** ° f between the ,ancet and skin As the 

^' e ^^ 1 ^ rnomber 1020 pierces the skin or anatomical feature, the drive spring 1062 is' 

actuahon^ 

• withdraw the lancet. , gmsio 

In some embodiments, electronic actuation methods can delay the start ofthe 
retracuon, providing adwell of the penetrating rnember ,020 in the skin or tissue to allow 
some vrscc-dastic siting of the skin and promoting blood yield. Electronic actuators can 
also w,thdraw the lancet slowly to allow the blood to fill the wound channel, also 
promoting blood yield. 

» Rgure 103A, the drive spring 1062 accelerates the mass ,064 and lancet ,020 to 
speed, then travels with the mass as the lancet enters the skin. At impact of the mass 
1064 wrth the travel stop 1066, the spring 1062 continues to move until it is brought to a 
stop.nap^eo^^^^^ ^ edrive ^ 1062 

and cames the mass 1064 and lancet 1020 with it (Figure 103E). By adjusting the weight 
and spnng constant of the drive spring, the length of dwell produced by the drive spring 
rebound can be varied. Some control over the rptraction speed can be had through 
adjusting the weight arid damping of the drive spring. 

In a stillfurther embodiment, adding a second, lower spring-constant, retum 
spnng 1 070 can provide further control over the retraction ^eed. This return spring or 
return springs 1070 also insures that the penetrating member 1020 retracts into the 
abator housing instead of relying on the kinetic energy of the rebounding drive spring 
1070. Asse^mFigu re sl04A-104C,avarietyof re turndevicesmayb eU sed. InFigure 
104A,mereboundin g drivesprmgl070com P rise S aB.ela S tomericelement InFignre 
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104B, two rebounding springs 1072 and 1074 are used. As seen in Figure KMC, a single 
spring 1076 may be coaxially mounted about the penetrating member 1 020. In one 
regard, the embodiments shown in Figures 103-104 allow some control over the dwell 
and retraction speed of the lancet without resorting to expensive electronics. As a 
5 nonlimiting example, these embodiments of Figures 1 03-104 may provide a dwell time 
for a lancet while piercing skin, a slower retraction rate during lancet withdrawal, and 
positive retraction of the lancet The mechanism may be purely mechanical and less 
costly that electronic solutions. 

Referring now to Figure 105, a still further embodiraent of an actuator according 
10 to the present invention will now be described. The embodiment in Figure 105 includes 
an inbound drive device 1080 and an outbound retraction deArice 1082. As seen in the 
Figure 105, the inbound drive device 1080 is in its forward position. The inbound drive 
device 1080 includes a plunger 1084 mounted with a spring 1086. Pulling back on the 
plunger 1084 pulls back on the gripper block 1088 and compresses the spring 1086. In 
15 this embodiment, a piston 1090 that slides into the damper 1 092 also moves with the 

plunger 1084. As the plunger 1084 is pulled back, it will come to a position (not shown) 
where the latch 1094 engages the gripper block 1088 and holds the plunger 1084 in a 
launch position. A button or other linking device may be conpled to the latch 1094 to 
allow a user to launch the penetrating member 1020. 
20 Moving the latch 1094 will release the gripper block 1088, release the energy in 

the compressed spring 1086, and drive the penetrating member 1 020 towards the tissue or 
anatomical feature. It should be noted that in this embodiment, the open end 1096 of the 
damper 1 092 is cone or funnel shaped. So initially, as the piston 1 090 flies into the 
damper 1 092, it is flying there through air. As the piston 1 090 is advanced, it runs into a 
25 narrowed portion of the damper 1092 that provides a close fit with the piston 1090. In 
some embodiments, there maybe an interference fit between the piston 1090 and the 
narrowed portion of the damper 1092. In other embodiments, elastomeric material, other 
damping material, damping structure, or any combination of any of these elements may 
be used to provide a desired deceleration velocity profile, hx this nonhmiting example, 
30 the damper4p92 provides variable damping as it allows the gripperblock 1088tobe 
accelerated to its terminal velocity, driving the penetrating member 1020 at this high 
velocity, before encountering the damper 1 092. As the piston travels further into the 
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embodiment, the penetration depth of the member 1020 relative to the front end 1 127 is 
selectable. The position of the carrier 1 126 may be selectable before each lancing event. 
The position of carrier 1 126 may be determined by the user. The position of carrier 1 126 
may also be determined by a processor (not shown) which may track the penetration 
depth of previous lancing events and match it with some other variable such as but not 
limited to pain feedback number from the user, spontaneous blood generation, user 
hydration, or any other variable as described in commonly assigned, copending U.S. 
Patent Application Ser. No. 10/335,215 (Attorney Docket No. 38187-2634) filed 
December 31, 2002. The screw 1104 may be controlled to provide varied depth control 
with resolution such as, but notlimited to, about 1-5 microns, about 5-20 microns, other 
distance per adjustment In some embodiments, this motor may be a stepper motor. Li 
other embodiments, it may be an actuator such as but not limited to a pneumatic actuator, 
electric motor, or device with a position sensor to provide feedback as to carrier position. 

Referring now to Figures 106 to 109 show a still further embodiment of a device 
having an inbound drive device 1 1 10 and an outbound retraction device 1112. Referring 
now the configuration shown in Figure 106, the inbound drive device 1110 may include a 
spring 1086 coupled to a gripper block 1088. A plunger 1 1 14 is provided for use with a 
damper 1116 mounted concentrically about the shaft of the plunger. A latch 1 094 with a 
flag portion 1118 is used to hold the gripper block 1088 in a launch position with the 
spring 1086 compressed. As seen in Figure 106, the penetrating member 1020 maybe 
guided by a front bearing 1 120 and a rear bearing 1 122. It should be understood, that 
some embodiments may use one bearing, while other embodiments, may use two or more 
bearings. The type of clearance and support provided by the bearing may also be 
selectable. As a noiunmting example, the bearings 1 1 20 and 1 122 may be structures with 
openings therethrough and have side-to-side clearance from about 20-40 microns and a 
vertical clearance from about 40-60 microns. Other embodiments may have greater 
clearances such as, but not limited to, about 60-100 microns, about 100-300 microns, or 
the like. 

Referring now to Figure 107, the device is now shown in a fired configuration 
with the penejfrating member 1020 positioned fully foxward. As seen, the gripper block 
1088 or penetrating member coupler is now resting against the stop 1 126. Prior to the 
gripper block 1 088 coming to a rest, the damper 1116 (shown more clearly in Figure 1 1 0) 
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will engage the plunger 1,14 to slow the gripper block 1088 prior to the block co m ing to 

rest. 

Referring now to Figure 108, the device is now shown with the plunger 1,16 and 
gnpperblocklOSSinanredconnguratio, However, the entire earner 11 30 having the 
^^m^toine**.**** direction i ndicatedb ya rrow U 32 
AsthecamerllSOis^wnintothep^iuonshowninFigureip^^ : 
coupled to the chassis 1136 wiD lock into position agaix^t the gnpper b,ock ,088 With 
*e reset latch , 134 in this position, the spring 1086 ca* be compressed and the gripper 

10 shown in Figure 109. 

As the carrier 1130 is advanced by the screw, 104, the latch 1094 will ride over the " 

F,gure , 09 shows the latch 1 094 locked against the gnpper block 1 088. A flag 1 ,42 or 

surface offset to the side of the ,atch 1094 will e„ gage a flag 1 144 or cam surface on 
the^^ 

position against the gripper block 1088. Eventually, the reset latch , ,34 will 
nde underneath the gripper block 1088 until the reset latch 1134 co mes to rest in a 
pos.nonasshowninFigureioe. In other embodi m ents, the reset latch! 124 may be 
coupled to a disposable such as a cartridge containing a plurality of penetrating members 
m other embodiments, the reset latch 1 1 34 may be attached to the same frame of 

As a nonlimiting example, a cantilever beam may run from the chassis portion under the 

£j disposable. 

Figure, ,0 shows an enlarged view ^ of one embodiment of the damper 11,6 The 
damper 1116may h avea surface 1150thatis funnel shaped and a second surface 1152 
configured to engage the widened portion 1 154 of the plnnger 1 1 1* ft shoyilA be 
understood that the shape of the surface 1 1 52 may be varied to create the desired velocity 
decelerahon^ofile. As a nonlimiting example, the surface 1 152 may define an 
interference fit with the plunger , ,14, In another embodiment, the damper ,11 6 is made 
of an eJastomeric material and may function to provide m0 re resistance against motion in 
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one direction than another. This may be due in part to the elastomeric quality of the 
material which forms about the penetrating member during withdrawal from the damper 
1 1 1 6 to hold the penetrating member in. In some embodiments, the damper 1 1 1 6 is 
cylindrical about plunger 1114. In other embodiments, the damper 1116 may simply be 
5 tWo opposing surfaces 1 152 and 1 153, without fully surround the shaft, that provides 
frictional resistance to the travel of the plunger 1114. 

Referring now to Figure 1 1 1 , a cross sectional view is shown of a spring-based \ 

penetrating member driver according to the present invention. In the embodiment of 5 

t 

Figurelll,agripperblockll60isusedtoengageapenerratmgmemberl020. The ^ 

5 

10 gripper block 1 160 is coupled to a shaft 1162 that has an enlarged end portion 1164. A I 
drive spring 1 166 is provided about the shaft 1 162 and compresses between the gripp er - I 
block 1 160 and the protrusion 1168. In one embodiment, a second spring 1 170 may also 

be provided and coupled to the shaft 11 62 and the protrusion 11 68. In such an : 
embodiment, the second spring 1 170 may be configured as a return spring to urge the 

1 5 penetrating member 1 020 back into the cartridge after the member has penetrated tissue. 
In some embodiments, a soft stop 1 1 72 may also be used to assist the return of the 
penetrating member 1020 into the cartridge 1 173. A plunger 1 174 may be pulled baclc in 
the direction indicated by arrow 1 176 to place the gripper block 1 160 and the penetrating 
member 1 020 in a launch configuration. Release of trigger 1 1 78 will cause the 

20 penetrating member 1020 to launch. 

Referring now to Figure 1 12, it shown that in one embodiment where the gripper 
block extends into the cartridge 1173, tbe launcher and the cartridge 1 173 maybe 
vertically separated as indicated by arrow 1 1 80 to allow the cartridge 1 173 which may be 
but is not limited to a disc shape, to rotate to position an unused penetrating member into. 

25 contact with the gripper block 1 1 60. Vertically separating the parts allows the cartridge 
1173 to be rotated without the gripper block 1160 mterfering. In other embodiments, the 
gripper block may be designed so that the penetrating member has a portion that extend 
upward to engage the gripper block. In still other embodiments, the separation between 
the cartridge and the launcher may be such that gripper block remains in the cartridge but 

30 travels in a radial groove and is lifted enough to allow an unused lancet to be rotated rnto 
position. Vertical separation as shown in Figure 112 may involve the user physically 
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30 



pulling the parts away from each other or using cam surfaces such as those shown in 
Figure 55A. 

Referring now to Figure 113, a still further embodiment is show* where a 
cartridge 1200 is shown in a cylindrical configuration. A penetrating member driver 1 202 
win be used to engage the penetrating members in the cartridge 1200. As a nonlimiting 
example, the driver may be an electromechanical device, a mechanical, spring-based 
devu*, or other actuator as described herein. Each cartridge 1200 may be rotated 
c, °^°™ounte^^ 

wnh the driver 1202. After each cartridge 1200 is ready to be disposed, it may be moved 
10 forward as indicated by arrowl204 and ejected from the sanmlmg device.; Another 
cartndge 1 206 shown in phantom may b e move forward by techniques using, but not 
baited to, a stepper motor, mechanical slider, or gravity to replace the used cartridge 
1200. Frgure 1 14 shows a still further embodiment wherein the penetrating member 
dnver 1202 is positioned to be within the center opening of cartridge 1200 to engage each 
5 .penetrans member. As a nonlimiting sample, the cartridge 1200 may be advanced by a 
steppermotor (no, shown) or a mechanical slider mechanism to position an unused 
penetrating member into alignment with the driver 1202. 

Referring now to Figure 1 15, the number of penetrating members remaining in the 
cartndge ^lOmaybedeterminedusmg a variety of devices. The cartridge 1210 may 
D. havem ^°rnotches,212d^ 

number of penetrating members used. In other embodiments, a processor 1216 will track 
the number of actuations and use that number to determine the number of penetrating 
members thatremain unused in the cartridge 1210. In such a configuration, the processor 
1216 may assume that a new cartridge 1210 will contain X number of penetrating 
membersand each actuation will reduce the number of unused penetrating members 
Each tune a new cartridge 1210 is loaded, the processor will assume that there are a full X 
numberpenetratingmembers available, Theprocessor 1216 may also be coupled to the 
devrce 1214 to determine when the cartridge 1210 is rotated. Figure 1 15 also shows in 
phantom that a display 1218 may also be included to show the number of penetrating 
members remawing or other applicable variables to spring-based penetrating member 
dnver 1220 as disclosed in commonly assigned, copending U.S. Patent Application Ser 
No. 10/10/335,215 (Attorney Docket No. 38187-2634) filed December 31, 2002, The 
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device may include a slider for rotating the cartridge 1210 as shown in Figure 56A and/or 
buttons to adjust settings on the display. As seen in Figure 1 15, a plunger 1222 (shown in 
phantom) may be extended to protrude outward from a rear portion of the housing. In 
some embodiment the driver or just the plunger 1222 may extend above a top surface of 

5 the housing as seen in Figure 116. 

Referring now to Figures 1 17 and 1 1 8, still further combinations of mechanical 
and electrical actuators are shown. In one embodiment, Figure 117 shows an electric 
driver 1230 for advancing a gripper block or coupler 1232 in the direction indicated by 
arrow 1234. A spring 1236 will be extended when the gripper block 1232 is moved. The 

10 spring 1236 will provide the retraction force and draw the gripper block 1232 and 

attached penetrating member back. In this embodiment, the electric driver 1 230 will be 
relaxed or turned off after actuation, thus allowing the spring 1236 to draw the gripper 
block 1232 back. 

Figure 118 shows another embodiment where, in the launch configuration, the 

15 spring 1236 is extended and the electric driver 1240 is in a forward position. From this 

forward position, the driver 1240 may advance the penetrating member 1020 into targeted 
tissue. After reaching desired depth, a trigger 1242 will release the driver 1 240 and pull 
the entire driver 1240 and penetrating member 1020 in the direction indicated by arrow 
1244. In some embodiments, this withdrawal motion may occur prior to the electric 

20 driver finishing its forward stroke. 

Referring now to Figures 119 and 120, further embodiments of the present 
invention are shown where the depth of penetration into tissue may be set, in part, using a 
front end apparatus 1250. The front end apparatus 1250 is rotated as indicated by arrows 
1252. Rotation in either direction will adjust the vertical separation 1254. This vertical 

25 separation 1254 will change how close tissue may be placed against the sampling device. 
The greater the vertical separation 1254, the less the penetrating member will protrude 
outward, and the less the penetration depth. Figure 120 shows an embodiment where the 
front end apparatus 1250 is recessed. This front end apparatus 1250 may be used with 
any of the penetrating member drivers described herein. 

30 Referring>now to Figure 121, a still further aspect of a drive mechanism accordirxg 

to the present invention will be described. Figure 121 shows a cam groove 1260.that is 
followed by penetrating member driver. As a nonlirhiting example, the driver may be a 
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spring based device. The driver has a protrusion or follower that will follow the path 
proofed by the cam groove 1260 to provide a desired velocity profile. One known 
dev 1C e winch also uses a cam groove is disclosed in U.S. Patent No. 5,318 584 folly 
incorporated herein by reference. The follower 1262 indicated by a circle will folk,*- the 
> g^vedownw a rdonmembound S tr 0 kep 0 rtionl264. After reaching maximum 
penetration, the follower ^ 1262 will travel along the return portion 1266. Thisreturn 
portron will provide a slower return velocity as the groove 1260 is configured at a shallow 
slope that requires the follower 1262 to follow a longerpath that may bring the follower 
amundftebackddeofmecylinderasmdicatedbyarrow^es. ITns profile can provide 
a fast-m, slow-out velocity profile desired by some embodiments of the present invention. 
As a nonhmiting example, the return velocity may be J4, •/,, or any other factioil) 
percentage or portion of the inbound velocity. 

In yet another aspect of the present invention, the current engine functions as a 
variable reluctance device and may be composed of an electronic drive unit or solenoid 
an optical position sensor and a mechanism to couple the whole to the lancet As a 
nonhmiting example, the penetrating member actuator may comprise of 2 x 6800 mF 
capacitors, a CR 123A 3V hthium primary battery, and a 5-coi! solenoid of 30G wir* m 
this embodiment, there is one circuit board, which contains a processor (MPS430) fox 
controlling the user interface, and another processor (SX 28) controlling the drive coils 
The penetrating member may be driven by a series of solenoid coils (of which currently 
there are five in this embodiment), which are enclosed in a coil pack and surround the 
coupler shaft proximally to the penetrating member. A magnetic bead or "slug" may be 
attached to the coupler shaft and is configured to slide within the axial lumen of the driver 
coils. The driver coils are made of windings of copper wire, such as but not limited to 
about .32 gauge. The coils or "solenoids" drive the penetrating member using either . 
magnetic attraction or repulsion of the slug. 

Several possibilities exist for modification of the currentsolenoid drive. The 
specific advantages to be achieved are a reduction in size, and increase in efficiency, thus 
reducing power consumption requirements during the lancing process. 

In one embodiment of the solenoid according to the present invention, a five-coil 
configuration was conceived because of a desired stroke distance of 8mm determined 
from a displacement range needed to cover the sum of thick stratum corneum (up to 600 
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mm), tenting of about 1 mm or more and a maximum penetration of up to about 3 .5 mm 
and acceleration distance enough to reach about 10 m/s. Stroke may be specified as the 
total displacement from one end of travel to the other end, or as a plus/minus (±) 
displacement from mid-stroke reference. Since these experiments were carried out it has 

5 been determined through patient testing in the lab that shallow lancing to about 1 mm 
may be sufficient to obtain the volumes of blood required to fill a sample chamber of 0.5 
ul or less. Stroke distance, in such an embodiment, can therefore be reduced to 
(maximum tenting + depth +thickest stratum comeum - 1mm + 1mm + 0.6 mm) 2.6 mm 
without consequence. This could reduce the number of coils in the system, reducing the 

10 size of the device and therefore lowering cost. It does require a slightly "fatter" set of 
coils since more tums may be used to maintain the drive power as well as a change in the 
slug size (longer) to reach the new spacing distance, but overall size should decrease. 

Li another embodiment of the solenoid, the flat coil embodiment was initially 
proposed as the first approach for driving the lancet electronicaDy. In one embodiment, it 

15 uses a metal flag be attached tothe penetrating member shaft to drive the lancet rather, 
than a metal "slug". This is somewhat disadvantageous to using bare penetrating 
members. The motivation for the flat coil configuration was miniaturization of the driver 
so as to fit in to a handheld glucose spot-monitoring device. Manufacturing of the coils 
can be by multi-layer printed circuit board (PCB) so it is straightforward. Such an 

20 embodiment is shown in commonly assigned, copending U.S. Patent Application Ser. No. 
38187-2551. 

In yet another embodiment of the solenoid, the multi-coil penetrating member 
driver with programmable excitation of the various energizing coils acting on amenable 
soft-iron "slug" works by timing the excitation of the various coils to provide motion in 

25 the desired direction. In some known configurations, there may be a series of stable 

"dead points" where the slug remains stationary unless the local coil is de-energized and 
the next coil is energized. This can create an inefficient "bumpy" force profile. The "rail- 
gun" approach provides a coil configuration for continuous (as opposed to step-wise) 
acceleration of the magnetic slug. It creates the required ^homogeneous magnet field to 

30 propel the shig and the attached penetrating member at a progressively increasing speed 
towards the target; At no point does the magnetic field of the coil oppose the desired 
motion of the slug It facilitates the "fast entry - delay - slow retraction" mode of 
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the dual capacitor drive is that the resistance drops for the two cap acitors in parallel and 
the circulating currents in the coils should be reduced. Substitution of a single capacitor 
will result in an increase in resistance and hence the current requirement goes up and 
therefore there is a loss of efficiency of charge storage because of the increase in the 
voltage drop. 

In a further aspect of the present invention, a mechanical inbound/electric 
withdrawal configuration may be used for penetrating member actuation and withdrawal. 
Figure 122 shows such an embodiment. Cheap mechanical actuation such as spring or 
cam drives 1300 may be supplemented by electronic withdrawal device 1310 for slow out 
retraction of the penetrating member 1020. All of the embodiments below can be 
hybridized with a mechanical spring or cam driven inbound actuation. The mechanical 
inbound drives 1300 may be used with a soft braking mechanism such as but not limited 
to a soft stop 1 3 12 or any other damping device disclosed herein ox known to one of skill 
in the art. In the embodiment shown in Figure 122, the withdrawal device 1310 may be 
used to move the entire carrier 1 31 4 having the mechanical inbound drive 1300. The use 
of electric withdrawal of a penetrating member 1020 from the anatomical feature at 
velocity less than that on the inbound may be used to increase the likelihood spontaneous 
fluid generation from a wound created in the feature. These components may all be 
contained in a housing 1 320 (shown in phantom) that may optionally include an 
adjustable front end 1 322 for adjusting depth of penetrating member penetration. 

Referring now to Figure 123, the device 1310 is not coupled to the carrier 1314 It 
maybe used to withdraw the spring launched penetrating member 1 020 as indicated by 
arrow 1324. This allows the spring device to be pulled back and in some embodiments, 
reset for the next lancing event It should be understood that the soft stop 1312 may also 
be configured to be on both sides of the penetrating member as shown in Figure 122. 

In one embodiment of the present invention, a DC Gear motor may be used as the 
device 1310. In an embodiment similar that shown in Figure 102, spring actuation or 
dashpot can be used for the inbound and the spring.stays compressed against the dashpot. 
The motor 1042 drags the dashpot back and compresses the spring on its way. It can even 
re-cock the spring. This is a small DC motor with a speed reducing gear head. The DG 
motor can drive a jackscrew such that the withdrawal can be achieved in small steps as 
required by switching the motor on and off (see 1042). Position feedback may be used for 
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In yet another embodiment of the present invention, a electromechanical hybrid 
may be used. As a nonlimiting example, cheap electronic drive for inbound (hybrid 
spring and magnetic fluid), combined with cheap electronic for withdrawal using the 
same hybrid design may be a way to design a cost effective device with performance 
requirements to achieve low pain and spontaneity. Alternatively a motor can be used to 
control the retraction rate of the penetrating member from the skin if it is more cost 
effective or performs better on the withdrawal phase. Many miniaturized motors tested 
have been deficient in either the inbound speed or the throw, so it may be that two 
different engine types will have to be contemplated to achieve the speed and throw of the 
current design. 

In yet another embodiment of the present invention, a hybrid liquid magnetic coil 
may be used. A version of the hybrid electromechancial device for both actuation and 
retraction is shown below. The electromagnetic field generator 1052 is coupled to a 
power source 1054 controlled by a processor 1012. 

Some embodiments of the present invention may also be configured to use a 
mechanical inbound with slow mechanical withdrawal or outbound device. As a 
nonlimiting example similar to that used with a cassette player lid, a dashpot device and 
would be coupled with a spring. This is a WYSIWYG system, so withdrawal will be at a 
(uncontrolled) uniform rate. No user definable withdrawal profile is the disadvantage of 
this set up. 

In another nonlimiting example, a wax or other material with high thermal 
coefficient of expansion could be heated.. As it expands and displaces a piston, it is 
coupled to a mechanism to withdraw the penetrating member. Similar to nanomuscle in 
actuation by heating. 

In a still further norilimitmg example, a piezo electric bending mechanism may be 
used. There are electromechanical transducers that possess high motion and voltage 
sensitivity. Generally in motor applications two piezoelectric sheets are bonded together, 
one layer expands laterally and the other layer contracts when an electric field is applied. 
The opposing strains result in a deflection, which is proportional to the applied voltage, 
generating a displacement at low levels of electrical drive. 

In a still further nonlimiting example, a traction drive may be used. A spinning. 
rubber tire miming at constant speed driven by DC motor drives a flat plate in contact 
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embodiments, the housing 1452 and housing 1464 may be integrated together into a 
single housing. In other embodiments, the housings 1452 and 1464 may Toe separate 
devices that are coupled together. They may rotate in the same direction or in some 
embodiments may rotate in opposite directions. The housing 1464 may have its own 
5 slider or actuator for extending the test stnp 1460 out from the housing 1464. The test 
strip may be of a type known to those of skill in the art for measuring analytes in a body 
fluid. One suitable device suitable for a housing 1464 is described in U.S. Patent 
5,854,074 to Charlton et al., folly incorporated herein by references for all purposes. 
Although not limited to the following, the penetrating member driver 1454 may be a 
10 spring based launcher or any of the driver or combination of drivers disclosed herein. . 

Figure 127 shows that the device of Figure 126 may also be configured so that 
penetrating member 1450 is on top while the test strip 1460 is on the bottom (when held, 
horizontally). Figure 128 shows that the device 1448 may be used in a vertical 
orientation. Figure 129 shows that the device 1448 may also be used in a horizontal 
15 orientation. As seen in Figure 129, the test strip 1460 may be made of flexible material 
such as a polymer or other material as known to those of skill in the art. Tbismay allow 
gravity to bend the strip 1460 as shown in Figure 129 to bring the strip closer to the 
wound W on the tissue. Although not limited to the following, some embodiments of the 
test strip 1 460 may have a capillary channels, tubes or members to draw fluid into the test 
20 strip 1460. Wicking members, wicking materials, or absorbent materials may also be 
used in other embodiments of the test strip or any of the above maybe combined in any 
order on a test strip. In some embodiments, the test strip 1460 may be oriented to extend 
outward at a diagonal, relative to the penetrating member, so that the distal endofthe 
strip 1460 Tvill be brought closer to the wound created by the penetrating member. 
25 Referring now to Figure 1 30, one embodiment of a cartridge 1470 according to 

the present invention and suitable for use with device 1448. The cartridge 1470 may be 
rotated as indicated by arrow 1472. One suitable device suitable for cartridge 1470 is 
described in U.S. Patent 5,854,074 to Charlton et aL, fully incorporated herein by 
references for all purposes. In one embodiment, the test strip 1460 may be ejected from 
30 the sealed container area 1474 to engage fluid from the wound. After use, the test strip 
1460 may be removed from the cartridge or it may be reinserted into the cartridge. In 
some embodiments, the test strip 1460 may be coupled to electrode leads 1476 which 
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same direction as the arrows 1508. A suitable device for cartridge 1500 is shoAvn in U.S. 
Patent No. 5,5 1 0,266 to Bonner, fully incorporated herein by reference for all purposes. 

Referring now to Figure 134, yet another embodiment of the present indention is 
shown. A cartridge 1 500 is shown having a plurality of test strips 1 502. In some 
5 embodiments, the test strip 1 502 is raised so that the strip is brought near but is not 

pierced by the penetrating member. In other embodiments, the penetrating member 1450 
may pierce the test strip 1 502. A housing (not shown) may be implemented hold these 
devices in the orientations shown. 

Referring now to Figure 135, a still further embodiment of a cartridge X 520 
10 according to the present invention is shown. There are portions 1522where apluralityof 
penetrating members 1 524 are housed. A penetrating member coupler (not shown) may- 
be moved as indicated by arrows 1526. Jrianother embodiment, the entire cartridgeis 
rotated as indicated by arrow 1528. After the cartridge 1520 has made one complete 
revolution, the penetrating member holder may be moved over one position as indicated 
15 byarrowl526. The entire cartridge 1 520 is then rotated agamthrough one revolution, 
before the penetrating member coupler is shifted one more position as indicated by arrow 
1528. 

Referring now to Figure 136, a still further embodiment is shown where a 
plurality of analyte detecting members 1502 are shown in a stack configuration. After 
20 - each detecting member 1502 is used, it may be removed and a new one will he revealed. 
It may also be pushed up by a biasing member (not shown). The cartridge 1 54-0 may be 
integrated with the cartridge 1452. It may also be shaped to be similar to the sliape of 
cartridge 1452. Still further, a housing may be used to hold a cartridge 1540 in relation to 
the cartridge 1 452. A user interface 1 542 may be coupled to the device. A processor 
25 1544 may be coupled to the device. A position sensor 1546 may be incorporated with the 
device so that lancing performance, and/or tracking of position of the driver (and thus the 
penetrating member) may be monitored. Any of the embodiments of the present 
invention may be modified to include these elements. 

The present invention provides a multiple analyte detecting member so lution for 
30 body fluid sampling. Specifically, some embodiments of the present invention provides * 
multiple analyte detecting member and multiple penetrating member solution to 
measuring analyte levels in the body. The invention may use a high density penetrating 
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variable loads. If a stepper in an open-loop control system is overtorqued, all knowledge 
of rotor position is lost and the system may be reinitialized; servomotors are not subject to 
this problem. 

Stepping motors come in two varieties, permanent magnet and variable reluctance 
5 (there are also hybrid motors, which are indistinguishable from permanent magnet motors 
from the controller's point of view). See for detailed explanation of stepper motors: 
http-7/v^w.cs.uiowa.edW~iones/ste p/t^es.htail 

In a simple form, a linear voice coil actuator is a tubular coil of wire situated 
within a radially oriented magnetic field. The field is produced by permanent magnets 
1 0 embedded on the inside diameter of a ferromagnetic cylinder, arranged so that the 

magnets "lacing me con are an ui uio oomo pv/«ui V . /v.- — * - — * - 

material set along the axial centerline of the coil, joined at one end to the permanent 
magnet assembly, is used to complete the magnetic circuit. The force generated axially 
upon the coil when current flows through the coil will produce relative motion between 
15 the field assembly and the coil, provided the force is large enough to overcome friction, 
inertia, and any other forces from loads attached to the coil. 

The cost of voice coil actuators is generally expected to be higher than that of the 
solenoid because of the need for magnets (all other materials expected to be comparable): 
The relatively large air gaps of the voice coil actuators (resulting from the presence of the 
20 coils in air) tend to increase the power consumption for a given force compared to a 

solenoid. The overall dimensions proposed are dictated by the amount of travel desired 
and the space allocated for the ampere-turns. It may be that the round linear voice coil 
actuator has the highest suitability of all voice coil actuator as it is linear in motion, and 
has low moving mass. 

25 Figure 137 shows a cross-section of a linear (moving coil) voice coil embodiment. 

In one embodiment, the voice coil has 64 turns in that 2 millimeter gap, at 30 gauge US. 

The magnet has a south pole against steel and the north pole is adjacent the steel central 

core. The flux lines cross straight through the steel central core and the steel casing. The 

flux lines then move radially away from the steel central core. 
30 FigureJ38 shows another embodiment of the present invention. Figure 138 

shows one embodiment of a linear stepper motor 2050 in a flattened out configuration. 

This present embodiment relates to using a linear stepper motor concept flattened out to 



4 



30 



WO 2005/001418 

^ PCT/US2004/M7063 

85 

penetrating member. IV1D S apenetratmgmemberor 

;* In^ee.nbodi.nent of Figure 138, four coils 2052, 2054, 2056 and 2058 a 

m ayb ei ntercon n ected S ucha S 52to56a n d54 to5 8 and* , 

w„ho ul « posi „. OI , s „ s „ illlc _ H™=v«r,ev en 

"5 lie posiliMiaj. * '" ""P™***" (ao.show,) , oionte> , 

include optical encoders, resolvers, inductosVns or RVrvn , . " 

^formers) Lin ea r *. , <r ° taiy Variable ^^rential 

initially croDo^fnr^ > - "sea. An LVDT system was 

penetrating member actuator uses an ™t,v.i ~, ^ 

mm „ n " ,beate "" ob »*i»s'=yMwouid w a rt lc , n , alethe 



WO 2005/001418 



PCT/US2004/017063 



86 

implementation is shown. The present invention may be a planar voice coil configuration 
used to actuate the penetrating member. It should be understood of course that the voice 
coil driver 2080 may also be used for other purposes in addition to actuating the 
penetrating member or penetrating member. The embodiment shown in Figure 1 39 uses 
two magnets 2082 and 2084. Other number of magnets (both fewer or more magnets) 
may be used of course. The size and shape of the magnet may also be altered. As a 
nonlimiting example, the magnets could be extended in length. The device 2080 may be 
simple to machine, however the amount of copper used in. the coil 2086 is outside of the 
casing 2088 and magnetic field, so that the return path for the flux is also outside of the 
field. The copper is cheap but heavier than iron because it is more dense. This would be 
the conventional way to approach non-axis symrnetric voice coil actuation design. This 
flattened moving coil voice coil implementation may be used for penetrating member 
actuation. 

As seen in Figure 1 39, the magnets 2082 and 2084 may be in one plane and the 
15 voice coil 2086 is sitting above it. The support structure bas been moved out of the gap 
between the magnets and the top piece of steel. The shaft may be in a slot between the 
top piece of steel. This reduces the gap and increases the efficiency. Tn one embodiment, 
the design of this device may be non-symmetrical and thus is not symmetrical about the 
axis of the drive shaft. 

20 Referring to Figure 1 40, a still further embodiment of an actuator 2 1 00 will now 

be described. This embodiment uses a linear voice coil actuator 2100 having a flux 
concentrator. Taking a linear (moving coil) voice coil, the present invention shapes the 
core 21 10 to act as a flux concentrator to double the flux density and therefore reduce the 
size of the coil. The core 2110 maybe shaped and the outer casting may also be shaped 
25 to assist with flux concentration. In one embodiment, the size of the central core 21 10 
has been reduced from about 12 x 12 mm to 10 mm x 6 mm (Figure 140). The central 
core 21 10 may be made from a variety of materials include, but not limited to, steel. 

Referring still to Figure 140, one embodiment of the invention is to double the 
flux density through the coil 2102. This may reduce the surface area of the central core 
30 21 10, and therefore reducing the size of the coil and the former. As seen in Figure 140, 
the core 21 10 may have a funnel shaped configuration. Although not limited to the 
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follows the co re 21,0 may also be shaped as a con,, pyramid, or other wide to ^ 
shape to concentrate the flux so that the coil may be of a reduced weight 

In one embodiment where the core 21 10 is si Z ed at 10 mm at one end and6mmat 

and the maxrmum force (flux density) is achieved. In this embodiment, the clearance 
around the back end of the magnet 21 ,2 is to discourage the flux path from forming 
anywhere other than through the coil 2102. The preset embodiment may therefore 
flatter, reducing the width and should result in a smaller size: The aspect of this present 
invents is to maximizing the flux concentration through the coil by shaping the casing 
results m a smaller size device for the same efficiency. The shaping ofthe casing may 
also result in shaping ofthe central core 21 10 to concentrate the flux through the coil 
As seen in the embodiment. of Figure 140, the device 2100 is designed to 
• concentrate the flux in the minimum dimension of ste,l, iron, or other material used for 
thecore. The mass of the coil 2102 is minimized. Flux density is much higher due in 
part to the shape of the core 21 ,0. As a nominating example, the 6 mm diameter w M e 
havmg a 10 mm diameter at the wide end. Minimize the moving mass will provide 
^proved acceleration. It would also make coil smaller. The present invention would 
mcrease flux density to maximize force. Though me same gap and everything else The 
present mvention may optimize flux in the moving area. Some embodiments of the 
present mvention may also reduce concentration of flux at sharp corners. 

In yet another embodiment of Represent invention, a linear moving coil voice 
cod may be used as an actuator. In a linear moving coil configuration, the actuator 

of a cylindrical coi, that is free to move axially in air gap. The air gap is formed 
between a cylindrical center pole and apenrianent magnet that surrounds it A soft iron 
sheU houses both the magnet and the pole. 

In another embodiment ofthe present invention, a flat voice coil may be used In 
one embodiment, the flat voice coil design uses a flat coil between strong permanent 
magnets. The coil may be a wound coil on a plastic support frame or a multi-layer PC 
board design: . The electronics should be simpler; the voice coil design g oa , is to operate 
the cod drreAly from the battery. In one embodiment, no DC-DC converter would be 
required to boost to the high voltage (which the present solenoid actuator requires). The 
charge storage on the capacitors is more efficient, and it does not require a high voltage 
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drive. Hence there may be a lower electronics cost -since the DC-DC converter circuitry 
may be avoided in some instances. The voice coil should offer simpler microprocessor 
control, as it should be able to span the entire stroke of activation without switching from 
coil to coil as the movement progresses. Reversing the current in the coil reverses the 
direction of force. 

In a still further embodiment, a rotary voice coil may be used. If one were to 
"flatten" the linear voice coil actuator from a round tube to a flat tube, then bend the two 
ends to form a planar arc; such as a sector of an annulus, one would have a rotary voice 
coil actuator. Its principle of operation and force generation is analogous to that of the 
linear counterpart Rotary voice coils require that their motion be transferred to linear by 
some mechanical means resulting also in higher manufacturing cost and lower speeds due 
to the weight and complexity of the conversion mechanism.. They are less energy efficient 
than circular designs but their advantage lies in the fact that only the dimensions of the 
magnetic path limit the throw distance. 

In yet another embodiment, an unrolled rotary voice coil may be used. This is a 
multi-segmented coil and can be thought of as equivalent to the solenoid coil using a 
permanent magnet instead of a metal slug. The magnet can be formed. This is a size 
reduction play. However a large area is used to maintain the stroke and has a series of 
coils rather than a disk. The control problem becomes more complex but the subsections 
behave more linearly. In one embodiment, only one small coil is needed so the moving 
mass is smaller. The problem is that the device acts more as a very efficient brake since 
the flux lines end up being cut with both ends of the magnet. In some still further 
alternative embodiments, rotary or linear moving magnet voice coil may be used. A 
linear stepper motor with a moving magnet in a flattened configuration has been 
suggested. 

In one aspect of the present invention, a linear stepper motor is described 
comprising a plurality of coils and a shaft slidably mounted through an opening through 
the plurality of coils. A magnet may be mounted about the shaft and at least one metallic 
core mounted about the shaft. In some embodiments, the plurality of coils may comprise 
of a first con* that is coupled to a third coil and a second coil that is coupled fo a fourth 
coil. The shaft, magnet, and at least one metallic core may be slidably movable through 
the coils. The coils may be cylindrical in shape with an opening therethrough. 
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In another embodiment of the present invention, a voice coil device is provided 
that comprises at least one magnet located in a plane.and not symmetric about a drive 
shaft. The device may include a movable coil mounted adjacent to the magnet and in a 
single plane, the coil is not symmetric about the drive shaft. A metallic shell may also be 
coupled to the magnets. 

In a still further embodiment, a voice coil device is provided comprising a 
movable coil and a metallic core shaped to increase flux through the coil, wherein the coil 
is movable relative to the core, the core having a smaller transverse dimension in portions 
that travel through the coil and a larger transverse dimension for those portions outside 
the coil. An outer casing may be shaped to direct flux through the core passing through 
the coil. The shaft may be slidably mounted in the core. In some embodiments, an outer 
casing may be shaped to direct flux through the core passing through the coil. 

As discussed above, tissue penetration devices which employ spring or cam 
driving methods have a symmetrical or nearly symmetrical actuation displacement and 
velocity profiles on the advancement and retraction of the penetrating member as shown 
in Figures 141 and 142. In most of me available penetrating member devices, once the 
launch is initiated, the stored energy determines the velocity profile until the energy is 
dissipated. Controlling impact, retraction velocity, and dwell time of the penetrating 
member within the tissue can be useful in order to achieve a high success rate while 
accommodating variations in skin properties and minimize pain. Advantages can be 
achieved by taking into account that tissue dwell time is related to the amount of skin 
deformation as the penetrating member tries to puncture the surface of the skin and 
variance in skin deformation from patient to patient based on skin hydration. 

The ability to control velocity and depth of penetration can be achieved by use of 
a controllable force driver where feedbackis an integral part of driver control. Such 
drivers can control either metal or polymeric penetrating members or any other type of 
tissue penetration element. The dynamic control of such a driver is illustrated in Figure 
143 which illustrates an embodiment of a controlled displacement profile and Figure 144 
which illustrates an embodiment of a the controlled velocity profile: These are compared 
to Figures J41 and 142, which illustrate embodiments of displacement and velocity 
profiles, respectively, of a harmonic spring/mass powered driver. 
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Reduced pain can be achieved by using impact velocities of greater than 2 m/s 
entry of a tissue penetrating element, such as a penetrating member, into tissue. 

Retraction of the penetrating member at a low velocity following the sectioning of 
the venuole/capillary mesh allows the blood to flood the wound tract and flow freely to 

5 the surface, thus using the penetrating member to keep the channel open during retraction. 
Low-velocity retraction of the penetrating member near the wound flap prevents the 
wound flap from sealing off the channel. Thus, the ability to slow the penetrating 
member retraction directly contributes to increasing the success rate of obtaining blood. 
Increasing the sampling success rate to near 100% can be important to the combination of 

10 sampling and acquisition into an integrated sampling module such as an integrated 
giucose-sampiing module, which incorporates a glucose test strip. 

Figure 145 shows an embodiment of the characteristic phases of penetrating 
member advancement and retraction on a graph of force versus time illustrating the force 
exerted by the penetrating member driver on the penetrating member to achieve the 

1 5 desired displacement and velocity profile. The characteristic phases are the penetrating 
member introduction phase A-C where the penetrating member is longitudinally 
advanced into the skin, the penetrating member rest phase D where the penetrating 
member terminates its longitudinal movement reaching its maximum depth and becoming 
relatively stationary, and the penetrating member retraction phase E-G where the 

20 penetrating member is longitudinally retracted out of the skin. The duration off the 

penetrating member retraction phase E-G is longer than the duration of the penetrating 
member introduction phase A-C, which in turn is longer than the duration of trie 
penetrating member rest phase D. 

The introduction phase further comprises a penetrating member launch phase prior 

25 to A when the penetrating member is longitudinally moving through air toward the skin, a 
tissue contact phase at the begixming of A when the distal end of the penetrating member 
makes initial contact with the skin, a tissue deformation phase A when the skim bends 
depending on its elastic properties which are related to hydration and thickness, a tissue 
lancing phase which comprises when the penetrating member hits the inflection point on 

30 the skin and begins to cut the skin B and the penetrating member continues cutting the 
skin C. The penetrating member rest phase D is the limit of the penetration of the 
penetrating member into the skin. Pain is reduced by minimizing the duration of the 
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pene^ 

penetrauon depth regardless of the duration of the deformation phase A and inflection 
point cutting B which will vary from user to user. Success rate is increased by measuring 
the exact depth of penetrans from inflection point B to the limit of penetration in the 
penetrating member rest phase D. This measurement allows the penetrating memb er to 
always, or at least reliably, hit the capillary beds which are a known distance undenaeath 
the surface of the skin. 

Thepenetmtbgrcemb^^^ a primiy retraction 

phase E when the skin pushes the penetrating member out of the wound tract, a secondary 
relracnon phase F when the penetrating member starts to become dislodged and pulls in 
the opposite direction of the slrin, and penetrating member exit phase G when the 
penetrating member becomes free of the skin. Primary retraction is the result of ex erting 
a decreasing force to pull the penetrating member out of the skin as the penetrating 
rnemberpuUsawayfromfoefmger. Secondary refraction is the result ofexertih ga force 
mmeopposatedirection.todislodgemepenefratingmember. Control is necessary to 
keep the-wound tract open as Wood flows up the wound tract. Blood volume is incxeased 
by usang a uniform velocity to retract the penetrating member during the penetratirxg 
member retraction phase B-G regardless of the force required for the primary retraction 
phase E or secondary retraction phase F, either of which may vary from user to user 
dependmg on the properties of the user's skin. 

Figure 146 shows another embodiment of displacement versus time profile of a 
penetrating member for a controlled penetrating member retraction. Figure 147 shows 
the velocity vs. time profile of the penetrating member for the controlled retraction of . 
figure 1 46. The penetrating member driver controls penetrating member displacement 
and velocity at several steps rn the lancing cycle, including when the penetrating nxember 
cuts the blood vessels to allow blood to pool 2130, and as the penetrating member 
retracts, regulating the retraction rate to allow the blood to flood the wound tract wOnle 
keepmg the wound flap from sealing the channel 2132 to permit blood to exit the wound. 

The tenting process and retrograde motion of the penetrating member durirxg the 
lancing cycleis illustrated graphicaUy in Figure 148 which shows both a velocity versus 
tone graph and a position versus time graph of a penetrating member tip during a lancing 
cycle that includes elastic and inelastic tenting. In Figure 148, from point 0 to point A 



WO 2005/001418 PCT/US2004/017063 

92 . 

the penetrating member is being accelerated from the initialization position or zero 
position. From point A to point B, the penetrating member is in ballistic or co> asting 
mode, with no additional power being delivered. At point B, the penetrating member tip 
contacts me tissue and begms to tent the skin until it reaches a displacement C As the 
5 penetrating member tip approaches maximum displacement, braking force is applied to 
the penetrating member until the penetrating member comes to a stop at point D. The 
penetrating member then recoils in a retrograde direction during the settling ptiase of the 
lancing cycle indicated between D and E. Note that the magnitude of inelastic tenting 
indicated in Figure 148 is exaggerated for purposes of illustration. 
10 The amount of inelastic tenting indicated by Z tends to be fairly consistent and 

sman compareu to uie magnuuue ui uie ciasuu icuuug. vj&iioiaujr, u*q oxuuuiii. Oj. mua^iio 
tenting Z can be about 120 to about 140 microns. As the magnitude of the inelastic 
tenting has a fairly constant value and is small compared to the magnitude of the elastic 
tenting for most patients and skin types, the value for the total amount of teniixig for the 
15 penetration stroke of the penetrating member is effectively equal to the rearward 

displacement of the penetrating member during the settling phase as measured by the 
processor 193 plus a predetermined value for the inelastic recoil, such as 130 microns. 
Inelastic recoil for some embodiments can be about 1 00 to about 200 microns _ The 
ability to measure the magnitude of skin tenting for a patient is important to controlling 
20 the depth of penetration of the penetrating member tip as the skin is generally known to 
vary in elasticity and other parameters due to age, time of day, level of hydration, gender 
and pathological state. 

This value for total tenting for the lancing cycle can then be used to determine the 
various characteristics of the patient's skin. Once a body of tenting data is obtained for a 
25 given patient, this data can be analyzed in order to predict the total penetrating member 
displacement, from the point of skin contact, necessary for a successful lanchxg 
procedure. This enables the tissue penetration device to achieve a high success rate and 
minimize pain for the user. A rolling average table can be used to collect and store the 
tenting data for a patient with a pointer to the last entry in the table. When a new entry is 
30 input, it can replace the entry at the pointerand the pointer advances to the ne:xt value. 
When an average is desired, all the values are added and the sum divided by the total 



WO 2005/001=118 

PCT/US2004/017063 



93 

number of entries by the processor 193. Similar techniques involving exponential decay 
(multiply by .95, add 0.05 times current value, etc.) are also possible. . 

With regard to tenting of skin generally, some typical values relating to 
penetration depth are now discussed. Figure 149 shows a cross sectional vie^v of the 

stotumcomeum is typically about 0,1 to about 0.6 mm thick and the distance from the 
top ofmedernus to the venuole plexus can be from about 0.3 to about 1.4 non Elastic 

0 2.0 mm.wrthan average magnitude of about 1 mm. This means that the amount of 
penetrating member displacement necessary to overcome the tenting can hav^e a 
magnitude greater than the thickness of skin necessary to penetrate in order to reach the 
venuolarplexus. The total penetrating member displacement from point of initial skin 
contactmayhaveanaveragevameofaboutl.7toabout2.lmm. In some exnbodiments 
penetrabon depth and maximum penetration depth may be about 0.5 mm to about 5 mm ' 
specnrcally, about 1 mm to about 3 mm. In some embodiments, a maximum penetration 
depth of about 0.5 to about 3 mm is useful. 

m some embodiments, the penetrating member is withdrawn with less force and a 
lower speed than the force and speed during the penetration portion of the operation 
cycle. Withdrawal speed of the penetrating member in some embodiments can be about 
0.004 to about 0.5 m/s, specifically, about 0.006 to about 0.01 m/s. In other 
embodiments, useful withdrawal velocities can be about 0.001 to about 0.02 meters per 
second.specifically.aboutO.WltoaboutO.Olmeterspersecond. For embodiments that . 
use a relatively slow withdrawal velocity compared to the penetration velocity, the 
Withdrawal velocitymayup to about 0.02 meters per second. For such embodiments a 
nuo of the average penetration velocity relative to the average withdrawal velocity can 
be about 100 to about 1 000. In embodiments where a relatively slow withdrawal velocity 
.s not nnpprtant, a withdrawal velocity of about 2 to about 10 meters per second may be 
used. 

Another example of an embodiment of a velocity profile for a penetrating member 
can be seen in Figures 1 50 and 151 , which illustrates a penetrating member profile with a 
fastentryveloeityandaslowwithdrawalvelocity. Figure 150 illustrates an embodiment 
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of a lancing profile showing velocity of the penetrating member versus position. The 

lancing profile starts at zero time and position and shows acceleration of the penetrating 

member towards the tissue from the electromagnetic force generated from the 

electromagnetic driver. At point A, the power is shut off and the penetrating member 
5 begins to coast until it reaches the skin indicated by B at which point, the velocity begins 

to decrease. At point C, the penetrating member has reached maximum displacement and > 

settles momentarily, typicaUy for a time of about 8 milliseconds. 

A retrograde withdrawal force is then imposed on the penetrating member by the : 

controllable driver, which is controlled by the processor to maintain a withdrawal velocity 
10 of no more than about 0.006 to about 0.01 meters/second. The same cycle is illustrated in J • 

the velocity versus time plot of Figure 151 where the penetrating member is accelerated 

from the start point to point A. The penetrating member coasts from A to B where the 

penetrating member tip contacts tissue 233- The penetrating member tip then penetrates 

the tissue arid slows with braking force eventually applied as the maximum penetration 
15 depth is approached. The penetrating member is stopped and settling between C and D. 

At D, the withdrawal phase begins and the penetrating member is slowly withdrawn until 

it returns to the initialization point shown by E in Figure 151. Note that retrograde recoil 

from elastic and inelastic tenting was not shown in the lancing profiles of Figures 150 and 

151 for purpose of illustration and clarity. 
20 In another embodiment, the withdrawal phase may use a dual speed profile, with 

the slow .006 to .01 meter per second speed used until the penetrating member is 

withdrawn past the contact point with the tissue, then a faster speed of .01 to 1 meters per 

second may be used to shorten the complete cycle. 

While the invention has been described and illustrated with reference to certain 
25 particular embodiments thereof, those skilled in the art will appreciate that various 

adaptations, changes, modifications, substitutions, deletions, or additions of procedures 

and protocols may be made without departing from the spirit and scope of the invention. 

For example, with any of the above embodiments, the location of the penetrating member 

drive device may be varied, relative to the penetrating members or the cartridge.. With 
30 any of the abo\e embodiments, the penetrating member tips may be uncovered during • 

actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 

protective foil during launch). With any of the above embodiments, the penetrating 
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members may be a bare penetrating member during launch. With any of the above 
embodiments, the penetrating members may be bare penetrating members prior to launch 
as this may allow for significantly tighter densities of penetrating members. In some 
embodiments, the penetrating members may be bent, curved, textured, shaped, or 
otherwise treated at a proximal end or area to facilitate handling by an actuator. The 
penetrating member may be configured to have a notch or groove to facilitate coupling to 
agnpper. The notch or groove may be formed along an elongate portion of the 
penetrating member. With any ofthe above embodiments, the cavity may be onthe 
bottom or the top of the cartridge, with the gripper on the other side. In some 
embodiments, analyte detecting members may be printed on the top, bottom, or side of - 
the cavities. The front end ofthe cartridge maybe in contact with a user during lancing. 
The same driver may be used for advancing and retraction of the penetrating member. 
The penetrating member may have a diameters and length suitable for obtaining the blood 
volumes described herein. The penetrating member driver may also be in substantially 
the same plane as the cartridge. The driver may use a through hole or other opening to 
engage a proximal end of a penetrating member to actuate the penetrating member along 
a path into and out of the tissue. 

Any of the features described in-this application or any reference disclosed herein 
may be adapted for use with any embodiment ofthe present invention. For example, the 
devices ofthe present invention may also be combined for use with injection penetrating 
members or needles as described in commonly assigned, copending U.S. Patent 
Application Sen No. 10/127,395 (Attorney Docket No. 38187-2551) filed April 19,2002. ' 
An analyte detecting member to detect the presence of foil may also be included inthe 
lancing apparatus. For example, if a cavity has been used before, the foil or sterility 
barrier will be punched. The analyte detecting member can detect if the cavity is fresh or 
not based on the status ofthe barrier. It should be -understood that in optional 
embodiments, the sterility barrier may be designed to pierce a sterility barrier of 
thickness that does not dull a tip ofthe penetrating memben. The lancing apparatus may 
also use improved drive mechanisms. For example, a solenoid force generator may be 
improved to tey to increase the amount of force the solenoid can generate for a given 
current. A solenoid for use with the present invention may have five coils and in the 
present embodiment the slug is roughly the size of-two coils. One change is to increase 
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the thickness of the outer metal shell or windings surround the coils. By increasing the 
thickness, the flux will also be increased. The slug may be split; two smaller slugs may 
also be used and offset by l A of a coil pitch. This allows more slugs to be approaching a 
coil where it could be accelerated. This creates more events where a slug is approaching 

5 a coil, creating a more efficient system. 

In. another optional alternative embodiment, a gripper in the inner end of the 
protective cavity may hold the penetrating member during shipment and after use, 
eliminating the feature of using the foil, protective end, or other part to retain the used 
penetrating member Some other advantages of the disclosed embodiments and features 

10 of additional embodiments include: same mechanism for transferring the used penetrating 
members to a storage area; a high number of penetrating members such as 25, 50, 75, 
1 00j 500, or more penetrating members may be put on a disk or cartridge; molded body 
about a lancet becomes unnecessary; manufacturing of multiple penetrating member 
devices is simplified through the use of cartridges; handling is possible of bare rods metal 

15 wires, without any additional structural features, to actuate them into tissue; maintaining 
extreme (better than 50 micron -lateral- and better than 20 micron vertical) precision in 
guiding; and storage system for new and used penetrating members, with individual 
cavities/slots is provided. The housing of the lancing device may also be sized to be 
ergonomically pleasing. In one embodiment, the device has a width of about 56 mm, a 

20 length of about 1 05 mm and a thickness of about 1 5 mm. Additionally, some 

embodiments of the present invention may be used with non-electrical force generators or 
drive mechanism. For example, the punch device and methods for releasing the 
penetrating members from sterile enclosures could be adapted for use with spring based 
launchers. The gripper using a fractional coupling may also be adapted for use with other 

25 drive technologies. 

Still further optional features may be included with the present invention. For 
example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 

30 actuation (i.^. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). The penetrating members may be a bare penetrating 
member during launch. In some embodiments, the penetrating member maybe a patent 
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needle. The same driver may be used for advancing and retraction of the penetrating 
member. Different analyte detecting members detecting di fferent ranges of glucose 
concentration, different analy.es, or the like may be combined for use with each 
penetrating member. Non-potentiometric measurement techniques may also be used for 
> analyte detection. For example, direct electron transfer of glucose oxidase molecules 
adsorbed on to carbon nanotube powder microelectrode may be used to measure glucose 
level, m some embodiments, the analyte detecting members may formed to flush with 
the cartridge so that a 'Veil" is not formed m some omer embodiments, the analyte 
detectmg members may formed to be substantially flush (within 200 microns or 1 00 
microns) with the cartridge surfaces. In all m ethods, nanoscopic wire growth can be 
earned out via chemical vapor deposition (CVD). In all of the embodiments of the 
mvention.prefenednanoscopicwiresmaybenanotubes. Any method useful for 
depositing a glucose oxidase or other analyte detection material on a nanowire or 
nanotubemaybeused with the present invention. Additionally, for some embodiments 
any of the cartridge shown above may be coiulgured without any of the penetrating 
members.somatmecarnidgeissimplyananalytedetectingdevi^ Sullfurther the 
indexmg of the cartridge may be such that adjacent cavities may not necessarily be used 
senally or sequentially. As a nonlimiting sample, every second cavity may be used 
sequentially, which means that the cartridge will go through two rotations before every ox 
substantially all ofthe cavities are used. As another nonlimiting example, a cavity that is 
acav.besaway^cavitiesaway.orNcavitiesawaymaybethenextoneused. Thismay- 
allow for greater separation between cavities containing penetrating members that were 
just used and a fresh penetrating member to l>e used next. It should be understood that flxe 
spnng^based drivers shown in the present identic* (Figures 98-1 12) may be adapted for 
use with any ofthe cartridges shown herein such as, but not limited to, those shown in 
Rgures 61 and 62. T^mtmain^nuv^^^^^ 
that are configured to penetrate into cartridges that fully seal penetrating member therein 
m order engage those penetrating members. The start and end positions of the penetrating 
members may also be the same. The penetrating members may be parked in a holder 
before actuatton, and in some embodiments, into a holder after actuation (as seen in 
cartridge 500 or any other cartridge herein). Embodiments of the present invention may 
also mclude guides which provide lateral constraints and/or vertical constraints about 
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penetrating member. These constraints may be positioned about the shaft portions of the 
penetrating member. For any of the embodiments herein, they may be configured to 
provide the various velocity profiles described. 

This application cross-references commonly assigned copending U.S. Patent 
5 Applications Ser. No. 1 07323,622 (Attorney Docket No. 38 1 87-2606) filed December 1 8, 
2002; commonly assigned copending U.S. Patent Applications Ser. No. 1 0/323,623 
(Attorney Docket No. 38187-2607) filed December 18, 2002; and commonly assigned 
copending U.S. Patent Applications Ser. No. 10/323,624 (Attorney Docket No. 38187- 
2608) filed December 1 8, 2002. This application is also related to commonly as signed 
10 copending U.S. Patent Applications Ser. Nos. 10/335,142, 10/335,215, 10/335,258, 

10/335,099, 1 0/335,219, 10/335,052, 10/335,073, 10/335,220, 10/335,252, 1 0/335,21 S, 
10/335,211, 10/335,257, 10/335,217, 10/335,212, and 10/335,241, 10/335,183, 
(Attorney Docket Nos. 38187-2633 through 38187-2652) filed December 31, 20O2. This 
application is also a coritinuation-in-part of commonly assigned, copending U.S. Patent 
15 Application Ser. No. 10/425,815 (Attorney Docket No. 38187-2663) filed May 3 0, 2003. 
This application is a continuation-in-part of commonly assigned, copending U.S. Patent 
Application Ser. No. 10/323,622 (Attorney Docket No. 38187-2606) filed onDecember 
1 8, 2002, which is a continuation-in-part of commonly assigned, copending U.S. Patent 
Application Ser. No. 10/127,395 (Attorney Docket No. 38187-2551) filed April 19, 2002. 
20 This application is also a continuation-in-part of commonly assigned, copending U.S. 
Patent Application Ser. No. 1 0/237,261 (Attorney Docket No. 381 87-2595) filed 
September 5, 2002. This application is further a continuation-in-part of commonly 
assigned, copending U.S. Patent Application Ser. No. 1 0/420,535 (Attorney Docket No. 
381 87-2664) filed April 21, 2003. This application is further a continuation-in-part of 
25 commonly assigned, copending U.S. Patent Application Ser. No. 10/335,142 (Attorney 
Docket No. 38187-2633) filed December 31, 2002. This application is further a 
continuation-in-part of commonly assigned, copending US . Patent Application S er. No. 
1 0/423,85 1 (Attorney Docket No. 3 8 1 87-2657) filed April 24, 2003. This application 
also claims the benefit of priority from commonly assigned, copending U.S. Provisional 

V* 

30 Patent Application Ser/No. 60/422,988 (Attorney Docket No. 381 87-2601) filed 

November 1, 2002; commonly assigned, copending U.S. Provisional Patent Application 
Ser. No. 60/424,429 (Attorney Docket No. 38187-2602) filed November 6, 2002; and 
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(Attorney Docket No. 38] 87-2604) filed November 20, 2002. All appHcationMfeted 
»We are meowed hereh, b, referee f„ papose,. 

to uMpresem mvemioni,™, ^ .„ antedated , T 
actual publication dates which may need to be independently confirmed All J 

— « ^ in „, fc p „ wiM ,. ons m ^ 

w ia JTT " ***** *• ~* « «- •««•». 

w.a^obiectea^dp^cea of tte inv^o,. ItlVm|ended " 
■nv-tton be defined by the scon, c, the ^ which ^ fta J ^ 
interpreted as broadly as is reasonable. ™ claims be 
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WHAT IS CLAIMED IS: 

1 1. A body fluid sampling system for use on a tissue site, the system 

2 comprising: 

3 . ' acartridge; 

4 at least one penetrating member in said cartridge; and 

5 a penetrating member driver structured to engage said penetrating member. 

1 2. A body fluid sampling system for use on a tissue site, the system 

2 comprising: 

'3 

4 acartridge; 

5 a penetrating member driver; 

6 a plurality of penetrating members arranged in a radial configxuration on 

7 the cartridge wherein sharpened distal tips of the penetrating members point radially 

* * 

8 outward; 

9 wherein an active one of said penetrating members may be operatively 

10 coupled to said penetrating member driver, said penetrating member driver moving said 

1 1 active one along a path out of a housing having a penetrating member exit, into said tissue 

12 site, stopping in said tissue site, and withdrawing out of said tissue site; and 

13 a plurality of analyte detecting members, wherein at least one of said 

14 analyte detecting members is positioned to receive fluid from a wound created by said 

15 active one of said penetrating members, wherein said detecting members are not pierced 

16 by the active one of the penetrating members. 

1 3. A system as in claim 1 wherein at least one of said detecting 

2 members is mounted about a penetrating member exit. 

1 4. A system as in claim 1 wherein said detecting member is not 

2 pierced by the penetrating member and is within 2 mm of a front end of the tiousing. 
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5 - A astern asm claim 1 wherein sa j d cartridge has a plurality of 

2 penetrating menaber exits, and wherein at least one of said detecting members is mounted 

3 about each of said penetrating member exits. ' 

1 6. A system as in claim 1 wherein said anaiyte detecting members 

2 comprise test strips. 

1 ? - A system as in claim 1 wherein said anaiyte detecting members are 

2 housing a second cartridge. 

1 8. A system as in claim 7 wherein the second cartridge is int egrated 

2 with the cartridge housing the penetrating members. 

1 9 - A system as in claim 7 wherein the second cartridge may rotate 

2 relative to the penetrating member driver. 

1 10. A system as in claim 1 wherein detecting members are mounted in 

2 a radial configuration on said cartridge. 

1 11 . A system as in claim 1 wherein said penetrating member driver 

2 comprises a spring based launching device. 

12. A system asm claim 1 wherein said anaiyte detecting member 
2 uprises a test strip mdividuaUy movable relative to said housing. 

°- A syste™ as in claim 1 wherein said detecting member is 

2 configured to determine a concentration of an anaiyte in the fluid using a sample of less 

3 than 1 /tl of the fluid; 



1 

2 



14. A system as in claim 1 further comprising a penetrating member 
sensor positioned to monitor a penetrating member coupled to said penetrating member 



3 driver, the penetrating member sensor configured to provide information relative to 

4 depth of penetration of a penetrating member through a skin surface. 



1 



_ 15- The system of claim 14, wherein the depth of penetration is about 
2 100 to 2500 microns. 



4 



p 
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1 16. The system of claim 1 4, wherein the depth of penetration is 500 to 

2 750 microns. 

1 17. The system of claim 14, wherein the depth of penetration is no 

2 more than about 1000 microns beyond a stratum comeum thickness of a skin surface. 

1 18. The system of claim 14, wherein the depth of penetration is no 

2 more than about 500 microns beyond a stratum comeum thickness of a skin surface. 

1 19. The system of claim 14, wherein the penetrating member sensor is 

2 further configured to provide an indication of velocity of a penetrating member. 

1 20. The system of claim 1, wherein one of said analyte detecting 

2 members is movable outward towards said wound to more easily engage said fluid. 

1 21 . The system of claim 1 , wherein said analyte detecting members are 

2 individually actuatable to extend outward from said housing. 

1 22. The system of claim 1, wherein the driver is selected from one of 

2 the following: a voice coil, a rotary voice coil, a solenoid, a motor and gear box, a 

3 nanomuscle, or a combination of any of the above. 

1 23. The system of claim 1 4, wherein the penetrating member sensor is 

2 coupled to a processor with control instructions for the penetrating member driver. 

1 24. The system of claim 23, wherein the processor includes a memory 

2 for storage and retrieval of a set of penetrating member profiles utilized with the 

3 penetrating member driver. 

1 25. The system of claim 23, wherein the processor is utilized to 

2 monitor position and speed of a penetrating member as the penetrating member moves in 

3 a first direction. 

1 26. The system of claim 23, wherein the processor is utilized to adjust 

2 an application of force to a penetrating member to achieve a desired speed of the 

3 penetrating member. 
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27. Tfc.^rf^^ whe ^ lhBpTOaw ^^ to ■ 

an apphcation offeree to a penetrating member when the penetrating ffiember contacts , 
target tissue so that the penetrating member penetrates the target tissue so that the 
penetrating member penetrates the target tissue within a desired ra^ge of speed 



28. Thes y3 temofclaim23,wheremtheproce S s 0 risutili Z ed t o 
3 the first d.ection toward a, arget tissue, wherein the application of a Aching f orce to 

-> member. . s 

I W ^ ^ e ^ 0fcl ^ 28 ' wh ^^P">ce SS ori S unlizedtocontrol 
se «>Dd direction away from the target tissue. 
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30. The system of claim 29, wherein in the first direction the 
penetiarmgmember moves toward ^ ^ ^ - a ^ ^ ^ ^ ^ • 



3 speed at which the penetrating member moves away from the target tissue. 

31. The system of claim 29, wherein in the first direction 



1 

2 



the. 



Penetrating member movbs toward the target tissue at a speed that is greater than a speed 



3 at which the penetrating member moves away from the target tissue 



1 

2 

1 

2 



32. The system of claim 28, wherein a speed of a penetrating member 
in the first direction is the range ofabout 2.0 to lO.Om/sec. 

33. The system of claim 2^ 
m the first direction is the range of 1.0 to 1 0.0 m/sec. 



1 

2 



34. The system ofclaim 28, wherein a speed of a penetrating member 
in the first direction is the range of 3.0 to 8.0 m/sec. 

1 

2 

3 seconds. * * 



.35. Thesystem ofclaim 28, wherein a dwell time of the penetrating 
member in the target tissue below a skin surface is in the range of 1 mic W nd to 2 
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1 36. The system of claim 1 , wherein a dwell time of the penetrating 

2 member in the target tissue below a skin surface is in the range of 500 milliseconds to 1 .5 

3 second. 

1 37 . The system of claim 1 , wherein a dwell time of the penetrating 

2 member in the target tissue below a skin surface is in the range of 100 milliseconds to 1 

3 second, 

1 38. The system of claim 29, wherein the average velocity of the 

2 penetrating member during a tissue penetration stroke in the first direction is about 1 00 to 

3 about 1000 times greater than the average velocity of the penetrating member during a . 

4 withdrawal stroke in a second direction. 

1 39. The system of claim 14, wherein the penetrating member sensor is 

2 selected from one of the following: a capacitive incremental encoder, an incremental 

3 encoder, an optical encoder, or interference encoder. 



1 40. The system of claim 1 further comprising a plurality of analyte 

2 detecting members positioned to receive body fluid from said wound. 

1 41. The system of claim 1, further comprising: 

2 a sample chamber with an opening for transp ort of a body fluid into the 

3 sample chamber, the sample chamber being sized to receive no more than about 1 .0 ftl oi 

4 the body fluid. 

1 42. The system of claim 1, further comprising: 

2 a sample chamber with an opening for transport of a body fluid into the 

3 sample chamber, the sample chamber being sized to receive no more than about 0.75 jil 

4 of the body fluid. 

1 43. The system of claim 1, further comprising: 

2 a sample chamber with an opening for transport of a body fluid into the 

3 sample chamber, the sample chamber being sized to receive no more than about 0.5 jil c 

4 the body fluid. 

1 44. The system of claim 1 , further comprising: 
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45. 



The system of claim 1, further comprising: 



a sample chamber with an openmg for transport of a b.dy fluid ^ 

4 z^****-*.*^^^.^ 



i 

2 



46. 
an 



The system of claim 1, further comprising: 



^detectmgmember^^ 
3 detectmg member being configured to determine a concen^^- . , 



4 finM • concentration of an analyte in a body 

4 flu d using sarnple ftat does ^ ^ a of about i ^ a ^ y 

5 m the sample chamber. "iuaisposed 
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3 



47. 



the system of claim 1, further comprising: 



4 ^^^ e ^ to ^-«*^.T.k ana^mabody 
flurd usmg a samp,e that does not exceed a volume of about 0.75 „ of a body fluid 



5 

1 

2 
3 



disposed in the sample chamber. 



The system of claim 1, further comprising: 



48. 

an analyte detecting member coupled to a sample chamber, the analyt, 
detecting member being configured to determine 



4 fluid~-~i^^ , ™e a concentration of an analyte in a body 



5 

i 

2 
3 



usmg a sample .hat does not exceed a volume ofabout 0.5,1 of a bodyfluid 
disposed in the sample chamber. 



49. 



The system of claim 1, further comprising: 



detectmg member being configured to determine 



4 fluid „ ri L , _ "I 3 C ° nCenlrati0n ° f 3,1 analyte in a body 



5 



1 



™ usmg a sample that does not exceed a volume ofabout 0.25 „ of a bodyfluid 
disposed in the sample chamber. - 



50. 



2 * 

3 



The system of claim 1, further comprising: 



detectmg member being configured to determine a ^ ^ ^ ^ ^ ^ 



1 
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4 fluid using a sample that does riot exceed a volume of about 0. 1 jil of a body fluid 

5 disposed in the sample chamber. 

1 51. The system of claim 1, further comprising: 

2 a tissue stabilizer device coupled to the housing. 

1 52. The system of claim 5 1 , wherein the tissue stabilizer device applies 

< ■ 

2 a vacuum to a target tissue. 

1 53. The system of claim 51, wherein the tissue stabilizer device is 

2 configured to apply a force to a target tissue and cause the target tissue to press in an 

3 inward direction relative to the housing member. 

1 54. The system of claim 1, further comprising: 

2 a seal formed by a fracturable material between the penetrating member 

3 and the cartridge, the seal being positioned at least one of a distal port or a proximal port 

4 of the cartridge. 

1 55. The system of claim 51, further comprising 

2 a second fracturable seal located at least one of the distal port or proximal 

3 port of cartridge. 

1 56. The system of claim 51, further comprising 

2 at least three fracturable seal between the penetrating member and the 

3 cartridge. 

1 57. The system of claim 1 further comprising a vacuum source to 

2 provide a low pressure environment to draw fluid from a wound created by the 

3 penetrating member in the tissue. 

1 58. The system of claim 1, wherein each penetrating member each 

2 penetrating members is an elongate member without molded attachments. 

1 59: The system of claim 1, wherein each penetrating member each 

2 penetrating members comprises a needle having a lumen therein. 



1 60. The system of claim 1, wherein each penetrating member each 

2 penetrating members comprises a microneedle having a lumen therein. 
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61. The system of claim 1 further comprising a resilient member 
coupled to said penetrating member, said penetrating member driver aligned to move said 
resilient member which in rum moves the penetrating member. 

62. The system of claim 1 wherein: 
■ the penetrating member comprises a spring based device and at one of 

Rowing: -otorandgearbox.ananomuscle.pneumaticdevice.a^uidmagnetic^ 
actuanon device, a stepper motor, a micro^utch device, and an inductive motor. 

63. The system of claim 1 wherein the penetrating member exit is 
configured to be positioned against the tissue when the penetrating member contacts the 

3 tissue. 



1 
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1 
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2 



1 64. 



2 
3 
4 
5 
6 
7 



comprising: 



A body fluid sampling system for use on a tissue site, the system 



9 
10 
11 
12 
13 
14 
15 

16 

17 

18 

19 



acartridge; 

a penetrating member driver; 

a plurality of penetrating members, each having a proximal end an 
elongate portion, and a sharpened distal end, said members arranged in a radial' 
configuration on the cartridge whexein sharpened distal tips of the penetrating members 
8 point radially outward; 

wherein an active one of said penetrating members may be operatively 
coupled to said penetrating member driver, said penetrating member driver moving said 
active one along a path out of a housing having a penetrating member exit, into said tissue 
«te, stoppmg in said tissue site, and withdrawing out of said tissue site; and 

a plurality of analyte detecting members, wherein at least one of said . 
analyte detecting members is positioned to receive fluid from a wound created by said 
active one of said penetrating members; 

wherein said unused analyte detecting members are arranged in a stack, 
said penetrating member driver configured to be controlled to foDow a 
velocity trajectory into the tissue and out of said tissue, wherein said velocity into said ' 
tissueisatan average speed greater than an average speed of the penetrating member on 



20 the withdrawal 
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1 65. A body fluid sampling system for use on a tissue site, the system 

2 comprising: 

3 a cartridge; 

4 a penetrating member driver; 

5 a plurality of penetrating members arranged in a radial configuration on. 

6 the cartridge wherein sharpened distal tips of the penetrating members point radially 

7 outward; 

8 wherein an active one of said penetrating members may be operatively 

9 coupled to said penetrating member driver, said penetrating member driver moving said 

1 0 active one along a path out of a housing having a penetrating member exit, into said tissue 

1 1 site, stopping in said tissue site, and withdrawing out of said tissue site; and 

12 a plurality of analyte detecting members, wherein at least one of said 

13 analyte detecting members is positioned to receive fluid from a wound created by said 

14 active one of said penetrating members, wherein said detecting members are not pierced 

15 by the active one of the penetrating members; 

16 a position sensor positioned to provide an indication of a position of the; 

17 penetrating member during actuation. 
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66 ' Abod y^ sampling system for use on a tissue site, the system 
2 comprising: 

a cartridge; 

a penetrating member driver; 

a plurality of penetrating members arranged in a radial configuration On 
the cartndge wherein sharpened distal tips of ^penetrating member point radially 

7 OUIWflrrl- y 



3 
4 

5 



outward; 

8 
9 



wherein an active one of said penetrating members may be operatively 
coupled to said penetrating member driver, said penetrating member driver moving said 
10 active one along a path out of a housing having a penetrating member exit, into said tissue 
site, stopping ,n said tissue site, and withdrawing out of said tissue site; and 

12 a plurality of analyte detecting member,, wherein at least one pffsaid 

13 analyte detecting members is positioned to receive fluid from a wound created *y said 

14 acuve one ofsaid penetrating member,, wherein said detecting members are not pierced 

15 by the active one of the penetrating members; 

a coupler on said penetrating member anver configured to engage at least 
a pomon of said elongate portion of the penetrating member and drive said member along 
a path onto a tissue site and withdrawn from a tissue site. 67. A body fluid sampling 
system for use on a tissue site, the system comprising: 

a cartridge; 

a penetrating member driver; 

a plurality of penetrating members arranged in a radial configuration on 
the cartridge wherein sharpened distal tips of the penetrating members point radially 



16 

17 

18 

19 
20 
21 
22 
.23 

.24 outward; 

25 

26 

27 
28 
29 
30 
31 



wherein an active one of said penetrating members may be operatively 
coupled tosaidpeneto^^ 

active one along a path put of a housing having a penetrating member exit, into said tissue 
site, stopping in said tissue site, and withdrawing out of said tissue site; and . 

a plurality of analyte detecting members, wherein at least one ofsaid 
aualyte detecting members is positioned to receive fluid from a wound created l>y said 
active one ofsaid penetrating members, wherein said detecting members are not pierced . 
32 by (he active one of the penetrating members; 
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33 a sterility enclosure covering at least a tip of said penetrating member, said 

34 sterility enclosure removed from said penetrating member prior to actuation of the 

35 member and positioned so that the penetrating member will not contact said enclosure 

36 during actuation68. A body fluid sampling system for use on a tissue site, the system 

37 comprising: 

38 a cartridge; 

39 a penetrating member driver, 

40 a plurality of penetrating members arranged in a radial configuration on 

41 the cartridge wherein sharpened distal tips of the penetrating members point radially 

42 outward; 

43 wherein an active one of said penetrating members may be operatively 

44 coupled to said penetrating member driver, said penetrating member driver moving said 

45 active one along a path out of a housing having a penetrating member exit, into said tissue 

46 site, stopping in said tissue site, and withdrawing oat of said tissue site; and 

47 a plurality of analyte detecting memb ers, wherein at least one of said 

48 analyte detecting members is positioned to receive fluid from a wound created by said 

49 active one of said penetrating members, wherein said detecting members are not pierced 

50 by the active one of the penetrating members; 

51 a user interface for transmitting at least one input between a user. 

1 69. A body fluid sampling device using a penetrating member to 

2 extract fluid from an anatomical feature, said device comprising: 

3 a penetrating member acta 

4 inbound towards the anatomical feature; and 

5 a non-spring based, penetrating member retractor for moving said 

6 penetrating member outbound away from the anatomical feature; 

7 wherein said penetrating member actuator is adapted to move said 

8 penetrating member at a velocity greater than a velocity achieved by the penetrating 
•9 member retractor. 

1 70. The device of claim 69 wherein the penetrating member actuator 

2 uses a springyto move said penetrating member: 

1 71 . The device of claim 69 wherein the penetrating member retractor 

2 uses one of the following to move said penetrating member: a motor and gear box, a 
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cjutcn device, and an inductive motor. 
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72. The device ofclaim 69 further comprising a plurality of penetratin* 
members arranged in a radial configuration. Plating 

73. The device of claim 69 rarther comprismg a plurality of penetratm , 
members pointed radially outward. g 

inch,. • 

-elude a gnpper block shaped to extend into a cartridge Containing, aid penetrating 
member .„ order to engage said penetrating member. 

2 includ 1116 dCViCe ^ Claim ^ Wher ^ Said Penetrat ^ memb - actuator 

3 ^P^n^ngsaidsealtoaUowtheac^ 

■ 76. The device ofclaim 69 further comprising at least one guide 

^--dcaroidgeforpmvidmgsupportinatlea.tone lateral 
-guidance or vertical guidance. 



1 

2 



1 

2 

[ 



77. ^^oeofcl^ 69^^x1^^^^^ 
removing a seal on a cartridge prior to penetrating member actuation. 

78. ^ device Qf c]aira 69 ^ compr . sing a damper 
coupler Caching the penetrating member to a penetrating member actuator. 

79. The device ofclaim 69^^ 

sa.d penetrating member prior to said penetrating member reaching a hard stop. 



80. 



The device ofclaim 69 further comprising a damper coupled 



drive shaft of the penetrating member actuator. 



to a 



81. The device ofclaim 69 further comprising a damper for slowing 
U,e penetrau^member on the inbound direction, said damper selected from one of the 
followmg.-apneumaticdamper.afluidpiston.arubber sto Pi a frictional surface a 
magnetic fluid based damper, or a rheonetic fluid based damper. 
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1 82. The device of claim 69 farther comprising an optically reflective 

2 member coupled to a drive shaft of the penetrating member actuator, said optically 

3 reflective member used for deteirmning the positioning. 

1 83. The device of claim 69 further comprising a penetrating member 

2 coupler attached to the actuator and the retractor. 

1 84. The device of claim 69 further comprising a cartridge containing a 

2 plurality of penetrating members. 

1 85. The device of claim 69 further comprising a cartridge containing a 

2 plurality of penetrating members. . 

1 86. The device of claim 69 further comprising a drive shaft coupled to 

2 the penetrating member actuator and a penetrating member coupler. 

1 87. The device of Claim 69further comprising a carrier coupled to said 

2 retractor and movable between a first position and a second position, said penetrating 

3 member actuator mounted on the carrier and movable with the carrier. 

1 88. The device of claim 69 further comprising a friction damper having 

2 a plunger, said damper having a lumen with a funnel shaped portion and an elongate 

3 portion, said plunger sized to engage said elongate portion to provide damping. 

1 89. The device of claim 69 further comprising a friction damper on 

2 said carrier for slowing said penetrating member, said friction damper shaped to provide 

3 variable resistance based on the position of a penetrating member coupler. 

1 90. The device of claim 69 further comprising a reset latch coupled to 

2 said carrier, said reset latch holding a penetrating member coupler in place while the drive 

3 is compressed. 

1 91. A body fluid sampling device for extracting bodily fluid from an 

2 anatomical feature, said device comprising: 

3 " «* a cartridge having a plurality of cavities; 
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1B p CT/liS2004/0l7063 

6 anatomical feature; and 



7 
8 



10 



1 



1 



92. 



93. 



2 comprises a spring. 



The device of claim 91 wherein said cartridge is disc shaped. 
The device of claim 91 wherein the first resilient 



member 



1 



94. 



2 comprises a spring. 



The device of claim 91 wherein the second resilient 



member 



2 " f . ^ ThCdeViCe ^^ 

2 said penetrating member driver. 

2 chambers on said cartridge. 



1 



. 97. The device of claim 95 wherein said sample chamber is sized to 
^ Hold no more than 1 microliter. 



1 

2 

3 

4 

5 

6 

7 



extract fluid fiom an anatomical feature, said device comprising: 

a P en e™mg member driver^^^ 
foDowmg: a motor and gear box, a nanomusde, pneumatic device, a liouid magnetic coi, 
actuatmn dev.ce, a stepper motor, a micro-clutch device, and an inductive motor 

a P^&g coupler atta^ 
connecting the penetrating member to the driver. 
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